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The World Health Organization highlights the importance of adequate nutrition 
in the early years of life to lay the foundation for health, wellbeing, and 
productivity throughout the life-course. A healthy diet in infancy and 
toddlerhood is essential for day-to-day health and growth and lowers the risk of 
overweight and obesity, non-communicable diseases, and certain cancers later in 
life. However, poor adherence to dietary guidelines is seen worldwide, including 
among the youngest children. Dietary preferences and food habits established in 
the early years, to a large extent, reflect parental feeding practices. In addition, 
parents' motives for selecting food, such as health or price, will reflect the food 
they provide for their children. Targeting environmental-related determinants of 
diet through interventions has led to improvements in young children’s diets. 
These factors can be divided into food environment, which relates to how food is 
provided and presented, and eating environment, which comprises ambient 
factors not directly dependent on food, as atmosphere and parental food choice 
motives. Electronic health (eHealth) approaches are increasingly used to promote 
healthy dietary habits in children and have shown some positive intervention 
effects on children’s diet, though few of the eHealth interventions are solely 
digital or target young children specifically.  
Aims and objectives 
The aim of this thesis is twofold: 1) to develop, implement, and evaluate an 
eHealth intervention, aiming to promote healthy dietary habits in toddlers by 
targeting parents’ awareness of their child’s food and eating environments, and 
2) to examine associations between parental food choice motives, parental 
feeding practices, and children’s fruit and vegetable intake.  
Method and materials  
The study employed a randomized controlled trial design to evaluate the 
Food4toddlers intervention, and applied baseline data to explore cross-sectional 
association for the second aim.  
Using tailored advertisement on Facebook, in 2017/2018 we recruited parents of 
10-month-old children for participation in the study. After answering baseline 
questionnaires, the participants were randomized into intervention and control 
groups, and the intervention participants received access to the Food4toddlers 




The content of the website was related to creating a healthy food and eating 
environment for the toddlers, and the information given was based on national 
guidelines and recent research. During the period the intervention parents had 
access to the website, the website’s content was gradually expanding. The study 
was carried out using a socio-ecological approach, and Social Cognitive Theory 
was used to guide the development of the website’s content. The intervention 
was developed in co-creation with health care nurses, parents of young children, 
and staff and students at the university.  
This thesis comprises four papers based on three online self-reported data 
collections: baseline data at child age 11 months, and post-test data at child age 
18 and 24 months. In addition, user data from the website was assessed.  
To assess intervention effects on child fruit, vegetable and discretionary food 
intake from baseline to follow-up 1 and from baseline to follow-up 2 (paper III), 
we used generalized estimating equations (GEE) and a time by group interaction 
term. Between-group differences in changes over time for fruit, vegetables 
(frequency and variety), and discretionary foods (frequency) were assessed. An 
overview of other dietary intakes at all timepoints made exclusively for this 
thesis used t-tests and Mann-Whitney-U tests for between-group comparison. 
Chi-square and t-tests were used to examine differences in usage and satisfaction 
of the website between education and family composition groups (paper IV). For 
the second aim of this dissertation (paper II), we used the product-of-coefficients 
method to investigate five parental food choice motives (health, convenience, 
sensory appeal, price, and familiarity) and their associations with child fruit and 
vegetable intake. In addition, we assessed how and if three health-promoting 
feeding practices (shaping a healthy environment, encouraging balance and 
variety, and healthy modeling) mediated these associations. 
Results 
The study’s rationale and development were described in a protocol paper, along 
with a presentation of the baseline characteristics of the included participants. In 
total, 404 parents signed up for participation, and 298 answered baseline 
questionnaires and were randomized into either the control (n=150) or 
intervention (n=148) group. Most of the parents were highly educated mothers.  
From baseline to the first follow-up there was a significant time by group 
interaction for the frequency of vegetable intake (p = 0.02), showing a higher 




(paper III). A borderline significant between-group difference in the variety of 
vegetable intake in favor of the intervention group was seen from baseline to 
both follow-ups. No significant differences were observed for other food groups. 
The process evaluation of the study (paper IV) revealed that 86.5% of the 
participants in the intervention group visited the website. Most parents found the 
website appropriate to the child’s age as well as self-explanatory (86–95%) and 
appreciated the layout and interface (55–63%). The recipes were valued as the 
most appreciated element included in the website. Highly educated participants 
(> 4 years of university/college) reported that they used end learned more from 
the website than participants with ≤ 4 years of education.  
Regarding the second aim (paper II), the results showed that higher parental 
scores on health motives were associated with a higher child intake of vegetables 
(τ = 0.394 (SE = 0.098), p < 0.001). No associations with fruit or vegetables were 
found for other parental food choice motives. Some associations between food 
choice motives and child vegetable or fruit intakes were mediated by the feeding 
practices assessed, though solely for health and sensory appeal motives. Effect 
sizes of the observed associations were generally small. 
Conclusions  
Our findings support the use of eHealth interventions for supporting parents in 
their children's dietary upbringing. Through making the parents aware of dietary 
determinants and encouraging them to create a healthy food and eating 
environment, child diet was slightly improved, i.e., higher vegetable intake in the 
intervention group was observed. The intervention was well received by the 
parents, although especially by highly educated parents. Still, we did not manage 
to engage 13% of the participants, who did not enter the website at all. 
Health motives were associated with child vegetable intake, and health-
promoting feeding practices had some mediation effect. Our findings contribute 
to a better understanding of the relations affecting toddler’s eating habits. 
However, more research is needed to examine the prospective and experimental 
evidence of interventions to enhance toddlers’ diet and to clarify interactions 
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1.1. Child diet and health 
The recently published WHO-UNICEF-Lancet commission report: A future for 
the world's children? [1] states that investing in young children’s health, 
education, and development lays the foundation for the individual’s lifelong 
health and development, and even for their future children’s health, an 
investment which is beneficial for society in general. This report highlights the 
importance of good health and nutrition in the prenatal period and early years to 
lay the foundation for a healthy life course [1]. A healthy diet in infancy and 
toddlerhood lowers the risk of overweight and obesity, non-communicable 
deceases (NCDs), and certain cancers later in life [2-5]. Obesity and overweight 
are defined by the World Health Organization (WHO) as one of the greatest 
threats to public health, and worldwide 40 million children below five years of 
age were overweight or obese in 2018 [6]. The imbalance between calories 
consumed and calories expended caused by a too high intake of energy-dense 
food and inactivity is stated by the WHO as the fundamental cause of overweight 
and obesity [6]. A low energy density diet is needed to lower the prevalence of 
overweight and obesity at the individual level [2, 6]. Such a diet includes fruit 
and vegetables as well as legumes, whole grains, and a low intake of fat and 
sugar [6]. Overweight and obesity increase the risk of NCDs, such as 
cardiovascular diseases, diabetes, and breast, colon, and liver cancer [6]. Diet can 
also directly influence NCDs and cancer, not just through overweight and obesity 
[7, 8]. NCDs (including some cancers) are the most significant cause of death 
worldwide, and particularly a reduction of the intake of salt and saturated fat and 
a higher intake of fruit and vegetables is recommended to reduce this mortality 
risk [7-9]. The Norwegian food-based dietary guidelines are in line with the 
World Health Organization’s recommendations, which include recommendations 
for a varied diet with a high intake of vegetables, fruit and berries, whole grains 
and fish, and limited amounts of processed meat, red meat, salt, and sugar [10, 
11]. These recommendations are based on international research and target the 
general public from one year of age. However, poor adherence to dietary 
guidelines is seen worldwide [12-14], including among the youngest children 
[15, 16]. Toddlers’ diets are essential for their health and growth, and in the 
Western world there are some major challenges regarding in toddlers’ diets: fruit 
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and vegetable consumption is too low, and the intake of unhealthy snacks and 
sweetened beverages is too high [17, 18]. In Norway, toddlers tend to have a low 
intake of fruit, vegetables, and fish [19, 20]. However, a positive tendency of a 
higher intake of fruit and vegetables is seen in the latest Norwegian nationwide 
surveys [21, 22].  
Differences in diet are also seen among pre-schoolers of parents with different 
education levels. Those with low educated parents usually eat food with a lower 
diet quality than other children [23]. Studies have shown that their diet tends to 
consist of more fat, sugar, and soft drinks, and fewer fruit and vegetables than the 
diet of children of highly educated parents [24, 25].  
The first 1,000 days of development, from conception to two years of age, 
represent a window of opportunity in health promotion and prevention of chronic 
diseases [26-29]. This period is a critical period for a child’s growth and 
development, because in this time children adapt metabolically and behaviorally 
to their nutritional environment through epigenetic mechanisms and gene 
expression [27, 30]. The habitual traits developed in infancy and toddlerhood 
tend to track into later childhood and youth, and even into adulthood [1, 18, 31-
33], which is an important reason why a healthy diet is essential in these early 
years.  
1.2. Determinants of child’s diet  
In order to shift toddlers’ food intake to be more in line with dietary 
recommendations, an understanding of the determinants of their food intake is 
required [34]. Socio-ecological models (also named ecological models) provide a 
comprehensive picture of what influences behaviors on various levels and what 
might be necessary to alter these behaviors [35, 36]. Ecology refers to the 
interrelationship between organisms and their environment [35]. A socio-
ecological model can be divided into intrapersonal factors, interpersonal factors, 
community settings, and policies, as shown in Figure 1 [36].  
Intrapersonal factors are characteristics of an individual, such as age, taste 
preferences, self-control, and motivations [37, 38]. In general, diet is seldom 
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directly influenced through interventions; interventions typically influence the 
choices people make [39]. However, young children are one group out of few, 
that can be directly influenced on the intrapersonal level, in particular through 
their parents [39].  
Interpersonal factors represent the social relationships surrounding an individual, 
e.g., home atmosphere and meal pattern [38]. The parents are the primary 
executor on this level, but other family members (grandparents and siblings) and 
kindergarten staff can also be influencers [38, 40].  
Factors of institutional or organizational character, and the relationship between 
them, represent community settings. These factors can include the physical 
environment such as the availability of grocery stores, the type of neighborhood 
in which the children are brought up, and also factors like portion sizes available 
in commercially prepared food (e.g., baby food packages) or how food is stored 
in supermarkets [36, 38].  
Policies involve local, state, and federal policies and laws [38]. Some examples 
are primary health care policies, food labeling, and taxes on specific foods.  
The parents’ major opportunity to influence their child’s diet is on the intra- and 
interpersonal levels. However, if attention is given to mechanisms at other levels, 
Figure 1. Socio-ecological model of factors influencing child’s diet, with examples [35] 
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parents may also be able to make improved choices on lower levels [35]. If, for 
instance, parents have knowledge of food labeling, they may choose healthier 
alternatives for their children. Studies have shown that people are unaware of a 
number of the food decisions they make during the day, like the tendency to eat 
more if using a bigger plate or buying more of specific food items if they are 
more salient [41, 42]. Awareness of unhealthy eating habits has a strong positive 
correlation to the intention to make dietary changes, as shown in several studies 
[43-45].  
1.2.1. Food and eating environment 
With a socio-ecological perspective on health behavior, Sallis et al. [35] highlight 
that environmental contexts are significant determinants of health behavior. 
Targeting food-related environmental factors in dietary interventions may, 
therefore, be appropriate.  Wansink and Sobal [42] claim that within an 
ecological context the environment is often overlooked because it is an 
intermediate level that lies between the policy arena and personal choice. 
Wansink and Sobal [42] investigated how the environment influenced people’s 
food choices and distinguished between the food environment and the eating 
environment. They defined  food environment as factors that directly relate to 
how food is provided or presented, such as its salience, structure, packaging, or 
portion size, and how it is served [42]. The food environment is divided into two 
levels, which are out-of-home settings called macro-scale, and in-home settings 
called micro-scale. On the other hand, the eating environment comprises ambient 
factors that are not directly dependent on food, such as atmosphere, the effort of 
obtaining food, meal pattern, and social interactions around meals [42]. Several 
alternative definitions of food environment in home settings exist  [46-49]. A 
simple definition is the “healthiness of foods available in the home” [50], while 
another defines the home food environment as “characteristics within the family 
that influence or shape children’s dietary behavior” [51]. Wansink and Sobal’s 
[42] definition includes a more comprehensive range of elements, e.g., shopping 
alternatives, and is the definition used in this study. Parental feeding practices 






Parents are the primary “gatekeepers” of a child’s diet and can influence a child’s 
dietary intake by shaping the food and eating environment [52], especially on the 
intra- and interpersonal socio-ecological levels. Parent-focused dietary 
interventions with an environmental focus are recommended and have yielded 
promising results [53-55].  
1.2.2. Food preferences 
On the intrapersonal level, a child’s preferences for food are essential for what 
they prefer to eat. Food preferences are formed by the interactions between 
genetic predispositions and the environment [56]. Taste is important for food 
preferences and is an essential determinant of children’s food intake [57]. A 
genetic predisposition is a preference of sweet and salty tastes [56]. An aversion 
of sour and bitter tastes, which are tastes often found in fruit and vegetables, is 
also an innate disposition to protect children against eating toxic or spoiled food 
[57, 58]. Since sweet and salty foods tend to be energy-dense and have low 
nutrient quality, this predisposition can contribute to a low diet quality if these 
foods are eaten and preferred instead of the sour and bitter foods that tend to be 
healthier. Leann. L. Birch [56] claims that whether these predispositions are 
manifested in healthy food preferences is depended on the food and eating 
environment, including the availability of healthy foods, and conducting health-
promoting feeding practices.  
Parents have a major opportunity to alter the diet through the environment, 
especially in the formative years [59]. Before the child is two years old, most 
children are positively inclined to try new foods, and even though they reject one 
type of food one day, they might be willing to try it again the next [53, 58]. 
However, from around two until approximately six years of age, there is a natural 
tendency of rejecting food, also called neophobia [58]. If a child starts liking a 
variety of foods before the neophobia period starts, they tend to have a better 
trajectory of food variety throughout the neophobia period and beyond [53]. 
Interventions to enhance healthy foods before two years of age can, therefore, 
contribute to the lifelong acceptance of a large variety of foods.  
Including more fruit and vegetables in the diet is essential to enhance a toddler's 
diet [11, 17, 60]. Both fruit and vegetables can be sour or bitter, but compared to 
vegetables, fruit tends to be sweeter, have a softer texture, and can more easily be 
consumed raw as a snack, in drinks, or as desert [61, 62]. These issues contribute 
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to differences in taste perceptions and consumption patterns and, therefore, 
treating fruit and vegetables separately in interventions is recommended [61, 62]. 
Glasson et al. [62] found, among parents of primary school-aged children, that 
knowledge, consumption, stages of readiness for change, and correct perceptions 
of adequate intake were higher for fruit than for vegetables. The researchers 
suggest that increasing vegetable intake programs should focus on raising 
awareness, revealing the benefits of higher intake, and making the target group 
aware of the potential discrepancies between their own intake and 
recommendations [62].  
Some studies indicate that a healthier diet and acceptance of a variety of foods 
can be obtained by letting children eat by themselves at an early age [63, 64]. 
There are some evident benefits of self-feeding: the children can smell, see, and 
feel the food and decide when to put it in their mouth [65]. They also develop 
fine motor skills, experience natural chewing, and less “entertainment” is needed 
during meals [66]. How and when parents should encourage children’s self-
feeding skills are discussed in the literature [63, 65, 67]. 
1.2.3. Parental feeding practices  
The feeding practices the parents perform can promote or hinder a healthy diet. 
For example, if parents pressure their child to eat a particular food, this tends to 
drive a dislike of the actual food, while involving the child in food preparation 
can be positive and heighten their willingness to try new food [68]. 
Parental feeding practices are defined by Shloim et al. [69] as specific goal-
directed behaviors that parents use to directly influence children’s eating. 
Vaughn et al. [68] also incorporated less specific feeding practices in their 
definition of food parenting practices and developed a content map of these 
practices, which is discussed here in order to provide an overview of different 
approaches. Food parenting practices include both intentional and unintentional 
behaviors and actions parents perform that influence their child’s attitudes, 
behaviors, or beliefs regarding food [68]. The content map has three overarching, 
higher-order food parenting constructs:  
1) Coercive control practices focus on parents’ pressure, instructiveness, and 
dominance, according to the child’s feelings and behaviors. These 
practices and how they affect children’s diets are addressed in several 
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studies [70] and these practices are also called negative feeding practices 
[71]. 
2) Structure practices represent how the parents organize children’s 
environment to facilitate children’s competence. Within this construct, we 
find practices that can be named health-promoting feeding practices (also 
called positive or protective feeding practices), which are associated with 
a healthy child diet [53]. An example is food availability, characterized by 
limiting the amount of unhealthy foods and increasing access to healthy 
alternatives. Another example is meal and snack routines, which includes 
incorporating family meals in daily life. 
3) Autonomy support practices represent how parents promote psychological 
autonomy and encourage a child’s independence. Health-promoting 
feeding practices are also found within this construct, e.g., 
encouragement, which incorporates the encouragement of trying new 
food, and child involvement, characterized by child involvement in 
planning and preparing meals. 
The complex bidirectional interactions between child eating behavior and 
parental feeding practices shape the eating environment in the early years [72]. 
At the same time, these interactions interact with genetic predispositions, which 
together form the foundation for eating habits and health outcomes later in life 
[72]. The food habits and dietary preferences (likes and dislikes) established in 
the early years to a large extent reflect the feeding practices performed by parents 
[59, 72], which indicates that interventions targeting feeding practices are 
important from early development.  
1.2.4. Food choice motives 
Both parental feeding practices and parents’ motives for selecting food are 
elements of the child eating environment which may impact children’s dietary 
intake, and these determinants of child diet may also interact with each other 
[71]. Loth et al. [73] suggest more research on the relationship between feeding 
practices and food choices. In addition to the conscious choices we perform when 
buying food, the selection of food is guided by unconscious reflection, which is 
automatic, habitual, and subconscious and is guided by social interactions [74]. 
The conscious choices we make when selecting food can include motives like 
health, how familiar the food is, taste, or pleasure [34]. Parental food choice 
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motives can influence children's diet directly or through the parents' feeding 
practices [68]. Two studies conducted on parents of preadolescents showed that 
health and sensory appeal motives were the strongest motives when selecting 
food [75, 76], while health, nutrition, and taste were the most important motives 
in a study of parents of two to five-year-olds [77]. As seen in these studies, 
parents have the motive to provide their children with healthy foods. However, a 
lack of consistency is seen between motives and actual healthy behavior [77, 78]. 
The capability for forethought is one main distinctive human characteristic [79]. 
For some of the food choices parents perform when children are between one and 
two years old, the outcome is not visible in the short term, e.g., the development 
of NCDs in adulthood, making it harder to be motivated to perform healthy 
choices [80].  
1.3. Health behavior change 
Many theories about how to change behavior exist [81], and for a project to be 
effective in changing behavior, it depends on applying the most appropriate 
theories and practice strategies for the given situation [82]. Gochman [83] 
defines health behavior as “those personal attributes such as beliefs, expectations, 
motives, values, perceptions and other cognitive elements; personality, 
characteristics, including affective and emotional states and traits; and overt 
behavior patterns, actions, and habits that relate to health maintenance, to health 
restoration, and to health improvement.”  
Health behavior theories have had a major focus on cognitive determinants, but 
newer models are increasingly addressing the relationship between behavior and 
the environment [84, 85]. An example is how the Theory of Reasoned Action 
(TRA) and the extended version, the Theory of Planned Behavior (TPB), can be 
used in combination with other models. These theories focus on how 
motivational factors determine the likelihood of performing specific behaviors 
[84], and Montano and Kasprzyk [84] recommend using the TRA/TBP in 
combination with other models (an ecological approach) merged in to the 
Integrated Behavioral Model (IBM). In addition to the motivational factors, 
knowledge, and skills to perform the behavior, the IBM incorporates the salience 




Social Cognitive Theory 
Social Cognitive Theory (SCT), developed by Albert Bandura, includes 
environmental factors in its key model construct: reciprocal determinism [80]. 
SCT is one of the most applied theories used in health promotion [80, 86, 87]. 
This theory can guide researchers in determining the factors motivating healthy 
behavior and designing interventions to promote behavior change [88]. Cultural 
differences such as individualism versus 
collectivism as well as perspectives on 
gender, may change how the SCT 
constructs manifest in behavior [89]. 
Reciprocal determinism (see Figure 2) 
consists of three factors that 
influence individual behavior: person 
(cognitive factors), the environment 
(physical and social factors), and the 
behavior itself [80, 86]. These three 
interact with each other, but the sources of the influences are not necessarily of 
equal strength nor do they necessarily occur simultaneously [90]. The personal 
cognitive factors have three constructs: self-efficacy (confidence to engage in a 
behavior), outcome expectations (foresee the outcome of behaviors), and 
knowledge (level of understanding) [86]. The physical and social environment 
consists of four constructs: observational learning (influential role models), 
normative beliefs (cultural beliefs about the social acceptability and perceived 
prevalence of the behavior), social support, and opportunities and barriers [86]. 
Behavioral factors are actions taken by the individuals that are health-enhancing 
or the opposite, and consist of three constructs: behavioral skills, intention, and 
reinforcement [86]. By modifying elements of these three interacting factors, 
SCT suggests that behavioral change is possible [86].  
1.4. Parent-focused dietary interventions 
In a parent-focused intervention, the elements in the intervention are addressed to 
parent and not, e.g., to health care nurses or kindergarten staff. Since parents are 
the primary gatekeepers of a child’s diet in the early years, this strategy is logical 
and has shown to be beneficial [91].  
Figure 2. Reciprocal determinism developed 
by Bandura [80] 
 
10 
Two non-digital parent-focused Australian studies conducted before 2016 are of 
particular interest when addressed the parental role in shaping the food and 
eating environments of infants and toddlers. The NOURISH trial recruited first-
time mothers and targeted early parental feeding practices through 12 group 
sessions based on anticipatory guidance principles delivered when the child was 
four to 16 months old [92]. They found that protective feeding practices were 
used to a larger degree among the intervention mothers than the control mothers 
[93], and the children in the intervention group “liked” more fruit and less 
discretionary foods and beverages, and had been exposed to a larger variety of 
vegetables [94]. The cluster-randomized InFANT study targeted first-time 
parents and focused on parental skills related to physical activity and diet for 
children aged three to 18 months [95]. The intervention group received six two-
hour lessons with a dietitian, while the control group received six newsletters on 
non-obesity themes [96]. The intervention group children consumed fewer sweet 
snacks and sugar-sweetened beverages post-intervention and had a better diet 
index score than children in the control group [96, 97]. The intervention was 
perceived as relevant and useful for most of the participants (82–93%) in the 
intervention group [98].  
1.5. eHealth  
In 2018, the World Health Assembly, which is the decision-making body of the 
WHO, acknowledged the potential of digital technologies to play a major role in 
improving public health [99]. In 2019, 58.8% of the world’s population were 
Internet users, and the rate is increasing [100]. In Europe, 87.7% were Internet 
users in 2019, and in Norway, the number was as high as 98.4% [100]. 
Norwegian national figures from 2019 showed that 80% of the population aged 
between 25 and 34 searched for health-related information on the Internet in the 
last three months [101]. Norwegian women searched for this information (95%) 
more than men (65%) [101], which is the same pattern seen in an Australian 
study among parents of infants and toddlers [102]. This prevalent Internet use is 
an opportunity for health interventions to transmit health information and for 
learning through digital channels, also called eHealth (electronic health). The 
WHO defines eHealth as “the use of information and communication 
technologies for health” [103]. However, many definitions exist [104]. mHealth 
(mobile health) is a subgroup of eHealth, but is limited to hand-held devices 
[105]. The above eHealth definition is used in some parent-focused studies [106-
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108], and mHealth is used in studies where the participants receive access to a 
mobile application (app) as the primary tool [109, 110]. By using an eHealth 
approach, a broad specter of parents can be reached, including those who are 
traditionally hard to reach, e.g., people living in rural areas [111-114]. eHealth 
interventions have several benefits for researchers: there is a possibility of 
recruiting many participants, the tool can easily be adapted to new groups and 
settings, and it is cost-effective [115, 116]. For the participants, a digital tool 
might be more appealing and be available 24/7 [115, 116]. Time commitments 
are known as a barrier for participation in interventions [117], and web 
alternatives may be less time-consuming. An American study targeting parents of 
one to five-year-old children compared online and in-person deliveries of the 
same nutrition education intervention [118]. Similar findings were found in both 
groups with one exception: increased frequency of eating breakfast for both 
parent and child were only seen in the online group. For the other measures, both 
deliveries showed a positive intervention effect for parents’ knowledge, self-
efficacy, and reported behaviors associated with reducing salt intake and healthy 
breakfast habits [118, 119]. Few differences between online and in-person 
deliveries are also seen in a study targeting low-income adults [120]. Therefore, 
online delivery can be favorable or equivalent to promoting nutrition-related 
changes compared with in-person delivery. 
A systematic search was undertaken in March 2020 for parent-focused eHealth 
interventions that included dietary outcomes and targeted children below five 
years of age. The search string included phrases to include parents, young 
children, interventions, eHealth, and diet or nutrition. We excluded “youth” and 
“school” in titles and articles published before 2005 due to few Internet users 
before that time. The complete search string is available in Appendix 5. The 
search resulted in 666 articles. After excluding duplicates, 416 remained. The 
abstracts were scanned, and articles were excluded due to, e.g., child age, no 
intervention, non-English publication, and ongoing studies without any dietary 
results presented. After the abstract screening, 67 articles remained, and after full 
text screening 25. Of these 25 articles, 24 represented seven interventions 
(presented in Table 1), and the last article represented a pilot study (presented in 
the text below). The included eHealth studies in Table 1 were parent-focused, 
had a mean age of less than five years for participating children at inclusion, 
included dietary outcome results, and had a control group that did not receive any 




Table 1. Overview of parent-focused eHealth interventions targeting young children < 5 years, including dietary outcomes and with a control group not 










N Design, duration, content Dietary outcomes, 
study findings  
Other main 
findings 








3–5 m 718 RCT, 6 m, IG: Access to a 
website with monthly delivered 
videos. CG: ordinary care.  
Higher FV frequency 
and greater V 
variety. No effect for 
discretionary foods. 
More family 
meals and fewer 













86 RCT, 6 m, IG: Web course 
followed by emails about 
healthy lifestyle. 
CG: Emails with information on 
similar topics. 
Less frequency on 
discretionary foods 
(long-term effect), no 









4 y 315 RCT, 6 m, IG: App access. 
Promote healthy eating and PA. 
Some tailoring. CG: 
Information on paper. 
Higher composite 
healthy score. Less 
SSB. No effect on 
FV. 
FMI (fat mass 
index): No 












y or < 3 
m 
645 QES, 9 m, IG: Access to app 
and website on health 
promotion behaviors. CG: 
Ordinary care. 
No effects for 
frequency or variety 
of core foods and 
discretionary foods.  
Use of an app. 
Multiparous 













2–5 y 489 RCT, 12 m, IG: Website on 
healthy home-environment 
(diet, PA, sleep) CG: Website 
with another content.  
No effect on diet (FV 
servings and SSB 
servings).  
Less salty snacks 
at home. Use of 













51 RCT, 6 m, IG: One group 
session, 18 web lessons about 
reducing SSB + healthy diet. 
CG: One group session + 
ordinary care.  











18 m 2102 Cluster RCT, 6 m, IG: Web 
lessons about four health issues 
(diet = SSB). CG: Normal care.  
No overall reduction 
in SSB intake, but 
for a sub-group.  
No overall results, 
but for subgroups 




IG: intervention group; CG: control group; RCT: randomized controlled trial; QES: quasi-experimental study; BMI: body mass index (kg/m2); 
F: fruit; V: vegetables; SSB: sugar-sweetened beverages; PA: physical activity 
1Reference to articles which include dietary outcomes; other articles from these studies also exist.  




All the interventions represented in Table 1 used Social Cognitive Theory (SCT) 
as a theoretical framework, except for the Growing Healthy study which used the 
Behavioral Change Wheel framework, and the BeeBOFT study which included 
other frameworks in addition to SCT.  
Of the included interventions, the Early Food for Future Health study was 
conducted in Norway and targeted infants during the weaning period from six to 
12 months of age [127]. This intervention consisted of a webpage with new 
items, including videos of infant feeding, delivered every month. They found 
positive intervention results for child vegetable and fruit consumption, and 
families in the intervention group were more likely to eat breakfast and dinner 
together and less likely to use digital devices during meals [107]. The 
intervention group participants reported good adherence to the intervention and 
were positive regarding the content presented in the intervention [107]. The 
intervention group in the Time2bHealhty study received a web course followed 
by emails containing information about a healthy lifestyle [106]. The 
intervention resulted in lower consumption of discretionary food intake in the 
intervention group than the control group [122] and was the only one of the 
included studies which reported long-term effects as well as the only study 
excluding children with low BMI. The parents in the MINISTOP study received 
access to an app about healthy diet and physical activity and the parents also 
received tailored digital and personal feedback [128]. The study showed a 
positive effect of lower sugar-sweetened beverage (SSB) consumption and a 
higher healthy composite score in favor of the intervention group [122]. The 
Growing Healthy study delivered an app and a website focusing on healthy 
behaviors to the intervention group [109]. No effect of the dietary intervention 
was found [123]. First-time parents (primiparous) used the intervention more 
than multiparous parents (> one child) [129]. The Smart Mums study included 
only mothers with high BMI [125, 130]. The intervention group received one 
session in person and 18 web-lessons regarding healthy eating, with a particular 
focus on reducing SSB consumption for both mother and child. The children’s 
consumption of SSB was highly reduced in the intervention group compared to 
the control group. The BeeBOFT study recruited parents of toddlers via health 
care centers, and the intervention group received two eHealth modules and 
thereafter personalized advice at regular health care visits [126]. The dietary 
focus was on SSB, and no results were found except that children of normal-
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weight mothers in the intervention group consumed less SSB compared with the 
control group.  
One pilot study, Jump2health, was identified in the systematic search [131]. This 
study targeted parents of three to five-year-olds [132] and included a website, 
Facebook groups, and text messages about healthy nutrition. They found a 
positive intervention effect on child fruit and vegetable intake.  
An interesting eHealth study not included in the table, because both studied 
treatment groups received digital nutrition treatment, is the EMPOWER RCT 
study, which included parents of children at the age of four to six [133]. They 
compared two web-based deliveries of promoting a healthy lifestyle, one using 
SCT constructs and the other using knowledge-based constructs. They found a 
higher intake of fruit and vegetables in the SCT group and a lower intake of 
discretionary foods in both groups. An American study compared online and in-
person deliveries targeting a healthy breakfast to parents of one to five-year-olds 
and found overall that both deliveries were effective in increasing breakfast-
related knowledge [118]. Other promising studies have few published relevant 
results as of yet [134-139].  
Few parent-focused eHealth interventions have targeted the youngest children 
thus far, none address solely 12–18-month-old toddlers, and few are exclusively 
digital. Positive dietary outcomes can be achieved through these kinds of 
interventions [106, 109, 127, 140-142]. Thus, eHealth strategies are becoming 
important strategies for behavior change and should be based on health behavior 
theories, and should also be evaluated [82, 143].  
1.6. Parental information sources for child diet  
Information about infant's and toddlers’ diet and nutrition are in Norway 
traditionally provided by health care nurses at the municipality’s health care 
centers. Over 95% of Norwegian parents attend the national health care program 
with their toddlers, which includes 13 visits with health care nurses or doctors 
before the age of two [144, 145]. Child diet and feeding practices are 
recommended topics in these consultations, and both pamphlets and oral 
information are usually provided to the parents.  
The Internet has become an increasingly important and popular source of health 
information among parents [107, 146, 147]. Almost 80% of parents of one-year-
olds in a Norwegian national eHealth study [107] reported that they preferred to 
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search for information about infant nutrition on the Internet, followed by books 
and brochures (71%), and less than 50% rated information from health care 
nurses at health care centers as the preferred source. According to Burrow et al. 
[148], parents prefer digital tools for families, which are easy to use, practical, 
and engaging. The parents also highlighted that a trustworthy source should 
endorse the information, and individual tailoring should be a part of the 
intervention. The parents’ potential engagement was linked to the need for 
information and for the information to be in line with their beliefs and values. 
Similar findings are seen in the study of Litterbach et al. [149], who, in addition, 
found that parents preferred push notifications adjusted to the child’s age and 
highlighted the importance of nonjudgmental information.  
To be able to make use of health information, parents need a minimum degree of 
health literacy. A person with acceptable health literacy is categorized as being 
able to access, understand, and use health information [150]. A nuance of health 
literacy is eHealth literacy, defined by Norman and Skinner [151] as “the ability 
of people to use emerging information and communications technologies to 
improve or enable health and health care.” Highly educated people tend to have 
higher health and eHealth literacy than persons with lower education levels, who 
find it harder to, e.g., select credible sources [152, 153]. Highly educated mothers 
also search for information about parenthood and health more frequently than 
lower educated mothers [154]. Dworkin et al. [155] examined parents’ online 
behavior and found that parents wanted more education on how to distinguish 
between different online sources and recognize credible information.  
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2. Aims and objectives 
The aim of this thesis is twofold: 1) to develop, implement, and evaluate an 
eHealth intervention, aiming to promote healthy dietary habits in toddlers by 
targeting parents’ awareness of their child’s food and eating environments, and 
2) using baseline data to examine associations between parental food choice 
motives, parental feeding practices, and children’s fruit and vegetable intake.  
The specific aims were: 
- To describe the development and rationale of the Food4toddlers study 
(paper I). 
- To examine potential cross-sectional associations between parental food 
choice motives and infants’ fruit and vegetable intake. Further, to examine 
the potential mediating effects of three health-promoting feeding practices 
on these associations (paper II). 
- To examine the effect of the parent-focused Food4toddlers eHealth 
intervention on the child’s diet assessed at two time points post-
intervention. The dietary outcomes assessed were the frequency of 
vegetables, fruit, and discretionary foods, as well as the variety of 
vegetables and fruit (paper III). In addition, exclusively for this thesis a 
supplementary to examine other dietary outcomes complement the paper 
III findings.   
- To conduct a process evaluation of the Food4toddlers intervention by 
examining the usage and perceived satisfaction of the intervention website 
in parents of toddlers and explore whether this differed according to 







3.  Materials and methods 
In the following sections, the study design and project outline will be presented. I 
then present the development of the intervention, including the theoretical 
framework, as well as the co-creating process and a description of the 
Food4toddlers website. Thereafter follows a description of how we performed 
the data collection, the study flow and sample, and a description of the papers in 
this thesis. In section 3.6 to 0 are the measures, ethics of participation, and 
statistical analyses presented.  
3.1. Study design 
The study's overall design was a two-armed, randomized controlled trial (RCT) 
used to evaluate the Food4toddlers intervention targeting parents of toddlers. 
Data was collected at three time points. The baseline questionnaire was delivered 
before the child turned one year old, follow-up 1 questionnaire at intervention 
conclusion six months after (child age 18 months), and follow-up 2 questionnaire 
six months after follow-up 1 (child age 24 months). The parents in the 
intervention group received access to the Food4toddlers website for six months 
after completing the baseline questionnaire. This thesis includes one study 
protocol and three original research papers, all based on data from the 
Food4toddlers study. One of the papers in this thesis (paper II) applied baseline 
data to investigate cross-sectional associations. The timeline of the study is 
shown in Figure 3.  
   
Figure 3.  Timeline of the Food4toddlers study 
 
20 
3.2. Development of the intervention 
The project group which developed the intervention included Professor Nina C. 
Øverby (leader), Frøydis N. Vik (professor), Elisabet R. Hillesund (professor), 
and Margrethe Røed (PhD student). This chapter answers the first specific aim of 
this thesis: to describe the development and rationale of the Food4toddlers study.  
3.2.1.  Theoretical approach 
The Food4toddlers study used a combination of models and theories in the 
development and implementation of the intervention, along with suggestions 
from prior research and empirical findings in the field. A model or framework for 
the development of health interventions can help the developers to incorporate 
theoretical underpinnings in developing the intervention and to structure the 
work [156].  
The Model for Planned 
Promotion of Population 
health developed by Brug 
et al. [39, 157] was used to 
structure the development 
and implementation of the 
intervention (see Figure 4).  
The first of the five steps 
in this model is to analyze 
health and quality of life. 
Knowing that the first 
1,000 days of life is an 
important time for habitual 
traits to be established and 
that few interventions target 
dietary habits of one- to two-year-olds, this period was selected [29, 158]. This 
period is particularly interesting because here children adapt to the rest of their 
family’s food and eating habits (e.g., sharing meals). The second step is to clarify 
potential behavior and environmental risk factors. Extensive collaboration with 
end-users and stakeholders (see section 3.2.2) as well as literature reviews helped 
us formulate potential risk: Norwegian toddlers have a low intake of fruit, 
vegetables, and fish [19, 20], and parents find it hard to find trustworthy digital 
Figure 4. Model for Planned Promotion of Population health 
developed by Brug. et. al [39,157] 
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information regarding dietary issues. An unhealthy diet for toddlers is associated 
with overweight and obesity as well as non-communicable diseases later in life 
[2, 6].  
A socio-ecological approach [35] was used to examine the third step of Brug et 
al.'s [37] model: to reveal the determinants of toddlers’ dietary risks. A simple 
model of three target arenas (Figure 5) was developed: the plate (intrapersonal 
level), the home (interpersonal level), and the shop (community settings and 
policies).  
 
Figure 5. Three target arenas: the plate, the home, and the shop (Pictures from Colourbox.com) 
 
Knowing that approximately 200 of the choices we make every day relating to 
food and eating are unconscious [41, 42], we wanted to make the parents aware 
of potential unhealthy choices on different socio-ecological levels and reveal 
alternative approaches, and also promote positive choices in general.  
Examples of determinants in the first arena, plate, are repeated exposure for the 
liking of vegetables and the offering of a variety of healthy foods. For the second 
arena, in-home settings, some of the themes were salience of food in the home 
environment and health-promoting and negative feeding practices. For the third 
arena, out of home settings, we presented and discussed placement in shops and 
food labeling (see further description of the website's content in section 3.3). 
Norwegian food-based dietary guidelines apply to toddlers (> 1 year), and the 
first recommendation is to have a “varied diet with plenty of vegetables, fruit and 
berries, whole grain products and fish, and limited amounts of processed meat, 
red meat, salt, and sugar” [10]. We decided to include messages that promoted an 
overall healthy diet, as described in the guidelines, however with a focus on fruit 
and vegetable consumption.  
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The fourth step of Brug et al.’s planning model [39], intervention development, 
was guided by Social Cognitive Theory [80]. The three factors influencing the 
behavior (person, environment, behavioral) in reciprocal determinism formed the 
basis of the implementation [80, 86]. We aimed to affect the parents regarding 
these three factors using different behavioral change techniques so that in the 
next step parents could influence their child’s food and eating environment to 
enhance child diet. Figure 6 illustrates the expected interaction of parental 
personal, environmental, and behavioral factors of the Food4toddlers 
intervention and highlights the behavioral change techniques used.  
 
Figure 6. Personal, environmental, and behavioral factors on the Food4toddlers website 
 
1) Personal factors refer to a person’s abilities for processing information, 
applying knowledge, and making changes in their preferences [86]. In this 
project, we addressed knowledge, beliefs, and skills to create a healthy 
food and eating environment through the intervention modules. We also 
clarified outcome expectations regarding normal eating behaviors for a 
child (e.g., the number of repetitions to accept vegetables).  
2) Environmental factors refer to physical and social elements in the 
environment that support the individual to perform a behavior [86]. The 
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Food4todders website is in itself an instrument in the environment which 
supports healthy eating. Methods used in the intervention for 
environmental influence were observational learning by showing videos of 
identifiable models performing and informing the intended behavior (i.e., 
cooking skills, doing groceries). Potential misconceptions about norms 
(e.g., eating everything on the plate) were corrected through quizzes, 
videos, and texts. Social support was addressed through interaction 
opportunities between peers and project staff available on the website. 
3) Behavioral factors refer to actions that an individual performs [86]. We 
supported the parents in enhancing behavioral and coping skills (e.g., 
cooking and feeding practices) and encouraged them to set goals. Through 
positive reinforcement we highlighted potential positive outcomes of 
performing an action (e.g., potential to eat more varied food through 
family meals).  
 
To engage and help the 
parents adhere to the 
intervention, the content of 
the intervention was 
gradually expanded [159], 
and the actors and settings 
used in videos and pictures 
were familiar (see Figure 
7). The active learning 
methods used in this 
intervention are activity-
based experiences such as quizzes and videos to enhance cooking skills [86]. 
Highlighting the importance of small changes was done so as to make the 
message affordable and not too discrepant for the parents [159]. 
By using the SCT construct, reciprocal determinism, in the intervention's 
implementation, we tried to influence parents so they were enabled to create 
healthy food and eating environment for their child. Further, if the child’s food 
and eating environment were enhanced, Figure 8 describes potential associations 
and how the children’s behavior may be influenced by environmental, personal, 
and behavioral factors.  
Figure 7. Setting from one of the videos filmed in a local 





Figure 8. Potential associations and effects of children’s exposure to the Food4toddlers 
intervention, through their parents 
  
A healthy environment may influence a child’s behavior directly or through 
personal experiences. A child probably eats more healthy food if it is more 
available and accessible. Regarding personal factors, the child may enhance self-
efficacy, preferences, and outcome expectations of healthy foods through new 
experiences. Hopefully, the child's behavior change is that he or she eats more 
healthy foods and less unhealthy alternatives. The potential outcome is that their 
behavior and preferences regarding foods may contribute to a healthier 
environment in the long run, which is an example of a reciprocal effect, e.g., if 
parents observe that their child eats more vegetables, they may continue to buy 
more and make it available and accessible.  
Finally, we performed the last step of Brug et al. [39] model and implemented 
the intervention. The evaluation of the intervention is still ongoing through 
follow-up data and articles in progress.  
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3.2.2. Co-creation of knowledge 
The University of Agder’s vision is “Co-creation of knowledge”. This vision is 
specified in the strategy as follows: “Knowledge is successfully co-created when 
staff, students and the larger community challenge each other” [160]. Co-creation 
is a process by which (in this case) investigators, students, and users participate 
together in the creation of the study [161]. Many behavior change apps and 
websites have been designed, however with limited involvement of end-users 
and other stakeholders [162]. The Food4toddlers study included extensive 
involvement of users and other stakeholders in the first steps of its development 
and included technical contributors (e.g., to run the recruitment campaign) 
throughout the whole development and implementation period.  
Users and stakeholders 
First, health care nurses were contacted to gather impressions of what they 
valued as important within the field of nutritional care. We interviewed them 
regarding which questions parents tend to ask about nutrition, what the nurses 
themselves viewed as important, and how they thought parents would adapt and 
perceive an online tool in combination with an introduction at the health care 
centers. First, four health care nurses were individually interviewed (one face to 
face, three by telephone), and a focus group interview was conducted with two 
participants (at their workplace). One of the nurses worked in a disadvantaged 
community with a high proportion of families with low socioeconomic status 
(SES) and many non-native inhabitants. Before these interviews, we planned to 
make a cluster RCT including a video and facilitate group discussions at health 
care centers at the 12 months visit, followed by a digital tool provided to the 
participants. A major challenge was crystallized in these interviews: at the 12 
months visit at the health care centers, the health care nurse is accompanied by a 
doctor, and a number of mandatory elements are scheduled (e.g., checking 
hearing and sight), leaving no room for new content. We therefore decided that 
the intervention had to be solely digital, which was viewed positively by the 
health care nurses. 
Our next step was to invite parents of toddlers to attend focus group discussions 
to share and discuss dietary issues which they found challenging, as well as 
improvement strategies for their children’s diet. In addition, we discussed the 
need and content of potential online tools. Few parents responded to the 
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invitation to participate in focus group discussions at the university despite 
intensive advertising. Therefore, we contacted settings were parents meet for 
other reasons. One focus group interview for end-users was delivered at the 
university, one in a home setting, and three in other settings (baby singing class 
and open kindergarten). Two telephone interviews with mothers were undertaken 
separately. In the interview that was conducted in the home setting, both parents 
attended. The other participants were mothers. Approximately 40% of the 
participants were non-native. Except for the first three interviews, the rest were 
taped, and seven out of the nine interviews have thus far been transcribed. In 
interviews with health care nurses and end-users, some dietary issues were 
discussed and valued as essential to include in the website: the safety of using 
spicy food, salt, nitrites, cinnamon, and foreign foods (sushi) in toddlers’ diets. 
Users were also included in developing the questionnaire (see section 3.6) and 
participating in the pretesting of the website (see section 3.3). 
Students 
The website content, layout, and videos were co-created by the project team, 
students, and technical staff at the university. Two Multimedia and Educational 
Technology master's students at the University of Agder, Christina Lien and 
Svein Even Skogen, created 
the technical layout and 
designed the website 
without using any pre-made 
templates. This work 
formed the basis of their 
master's thesis. The 
collaboration included 11 
face-to-face meetings and 
three Skype meetings, as 
well as several emails and 
telephone calls with the 
PhD student or the project 
group. These two students 
also designed the logo for 
the study, found pictures, 
invented a game, and made 
Figure 9. Illustration included in the website of where to 
place core foods and discretionary foods (Made by 
Christina Lien and Svein. E. Skogen) 
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illustrations for the website (see an example in Figure 9). They also contributed 
with comments and suggestions regarding the content and were in charge of the 
pilot testing.  
We engaged undergraduate students studying Multimedia Technology and 
Design at the University of Agder to film and edit videos for the intervention, 
and they also contributed with suggestions regarding the content. One group of 
these students made nine cocking videos. Another student made information 
videos for the Facebook site (see an example here [163]), the study webpage, the 
front page on the Food4toddlers website and a video about food choices for one 
of the modules on the website (Figure 12).  
The media unit at the 
university made 
animations for the 
videos and the study 
webpage. Examples 
are shown in Figure 
10 and on the study 
webpage (timeline 
and in the video) 
[164]. Three Public 
Health master’s 
students at the University of Agder developed recipes and cooking videos 
described in section 3.3.2. Throughout the development process, the project 
group had meetings and extensive email correspondence to discuss ideas, themes, 
the recruitment process, and how the content should be delivered on the website.  
3.3. The Food4toddlers website  
The website was developed in a learning management system (LMS) called 
NEO, a platform for managing all classroom activities and tracking student 
achievement. The design is intuitive, and it is thus easy to access the information. 
We named the website “Mat til minsten” in Norwegian (Food4toddlers). Since 
our intervention was a website, we defined it as an eHealth intervention [103]; 
however, the participants could install an app and access the same content there. 
A prototype of the website was pilot tested in February 2017 by 14 participants. 
A short survey was sent to the participants before and after completing the 
Figure 10. Example of the animations (Made by Thomas Andersen) 
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testing. Some technical changes were made based on these responses and the 
tracking of the participants’ use of the website.  
All the information provided on the website related to creating a healthy food and 
eating environment for toddlers and the information was based on national 
guidelines and current research. When first accessing the website, parents 
received an email with login instructions. If both parent's names and email 
addresses were reported at signing in, both parents received the same access 
opportunities. 
The website comprised four main elements: modules, recipes, a discussion 
forum, and an information section called “Good to know.” These elements are 
described in Table 2 as well as in the following chapters. In addition to these four 
elements, information and a video appeared on the front page when the website 
was accessed. This video included an animation section about why small changes 
in the early years (i.e., adding a vegetable every week) can have an impact in the 
long run.  
3.3.1. Modules 
The first module was an 
information module which 
included the description of 
the study, how to install the 
website as an app, and 
information about recipes 
(e.g., that the recipes were 
made for two adults and two 
children with a possibility to 
change these numbers). The 
next seven modules included 
topics on how to enhance a 
toddler’s food and eating 
environment. The modules 
had two to four lessons (see 
examples in Figure 11). 
 
Figure 11. Layout of the modules with examples of four lessons; 
Eat up, Motivation, Time squeeze, Dinner. (Pictures from 




Table 2. A description of the content of the Food4toddlers web site 
*One recipe with video was retrieved with permission from Godfisk.no  
 
  
Title Explanation Content/topics 
Modules The first module was 
an information 
module. The other 
seven modules 
included specific 
subjects, with two to 
four subheadings 
(lessons).  
1) Introduction to the intervention website 
with information about recipes, how to 
install the website app, and descriptions of 
the study.  
2) The importance of early eating habits and 
how to interpret food labeling. A special 
focus on accessibility, availability, and 
variety of healthy food and beverages.  
3) How taste develops and the importance of 
repeated exposures, basic tastes, and spicy 
food.  
4) Self-feeding skills and children’s ability to 
self-regulate food intake.  
5) Motivation to eat in a healthy way, being a 
good role model, and use of rewards.  
6) Family meals: meal settings, preparing for 
meals, and meal composition. 
7) Conscious and unconscious choices at 
home and in stores.  
8) The benefits of children’s participation in 
cooking and encouragement to try new 
family dishes.  
Recipes 31 recipes were 
presented, 10 of 
which included an 
instructional video.*  
Dinner (17 recipes/5 videos)*, snacks (7/1), bread 
and cereals (5/3), and beverages (2/1).  
Forum The forum was 
divided into two 
sections: general 
questions and recipes.  
Participants could ask questions and discuss 
relevant issues with each other. In the recipe 





dietary issues relevant 
to the child’s age. 
Salt, honey, cinnamon, nitrites, potatoes, foreign 
foods (sushi), additives, and cod liver oil. 
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Each lesson included information and one to three recipes. One of the lessons in 
module seven contained a video about unconscious choices while shopping [42], 
made in a local store (see 
Figure 12). The mother in 
the video did her 
shopping, the video was 
reversed, and the crucial 
parts were replayed, 
accompanied by 
comments by the PhD 
student regarding the 
mothers shopping 
choices. The other 
lessons included a game (how to distinguish between the tastes), eight quizzes, 
six explanatory figures (see an example in Figure 9), and some links to 
recommended websites (e.g., https://www.melk.no/). The information module 
and the first lesson in module 2 were available when first accessing the website. 
Every following week a new lesson was delivered, and an email sent to the 
participants with information about the new content.  
3.3.2. Recipes 
The recipes provided for this intervention were made to inspire the parents to 
make healthy food for the whole family. Children usually start eating the same 
food as the rest of the family in the intervention period (12–18 months). The 
ingredients were easily accessible in local supermarkets so as to lower barriers, 
and we tried to avoid high-cost foods that could have lowered the attendance of 
low-income parents [165]. The recipes were printable. Of the 31 recipes, 30 were 
developed by three master’s students in Public Health at the University of Agder, 
in cooperation with the project group (the last recipe was retrieved from 
Godfisk.no). Short videos (1–3 minutes) were also developed for nine of the 
recipes to inspire the parents to use the recipes and to make the preparation 
easier. Undergraduate students in Multimedia Technology and Design at the 
University of Agder filmed and edited the videos.  
Figure 12.  Filming at a local supermarket (Photo: Margrethe 
Røed, Actress: Cecilie Beinert) 
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3.3.3. Discussion forum 
The participants could post questions and collaborate with other parents on a 
discussion forum. The forum was divided into two sections: general questions 
and recipes. Participants who joined the same group when receiving access to the 
Food4toddlers website had access to the same forum (7 different groups). The 
PhD student answered questions, usually within three workdays.  
3.3.4. Highlighted information about foods and beverages 
We listed information about salt, nitrites, cinnamon, foreign foods (sushi), honey, 
potatoes, food additives, and cod liver oil in a section titled “Good to know.” The 
potential lack of health benefits of potatoes had been debated in the media during 
the developing period of the website, and we found it appropriate to incorporate 
information about potatoes as highlighted information. All information provided 
was based on recommendations from the National Health authorities and 
available for the participant during the whole access period.  
3.4. Recruitment, study flow and sample 
Recruitment  
We designed a click tracking campaign on Facebook to recruit participants, 
together with staff at the Media Center at the University of Agder. Parents of 
children born between June 2016 and May 2017 who were literate in Norwegian 
were eligible for participation. A short video or a picture was launched on 
Facebook [163] with a link to the project website [164]. Potential participants 
received extended information about the project on this website through a video, 
text, and an information sheet (Appendix 1) and could sign up for participation. 
A registration system (Pindena) at the University of Agder was used to store 
personal information.  
The advertisement on Facebook was targeted to include all parents with children 
up to 12 years of age with a special interest in either breastfeeding, pregnancy, or 
parenting. We also “instructed” Facebook to find a lookalike audience. We could 
supervise which pictures and videos were most effective in recruiting participants 
by regularly changing the pictures and videos, e.g., after the first week of 
recruiting with a promoting video launched, few had signed up (18), but after 
changing to a still photo the number increased in the following week (55). 
Members of the project group and others interested in the study posted and 
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shared the information on Facebook. The information was also posted on a 
Facebook page for the university and for a nationwide kindergarten company.  
The recruitment period lasted from August 2017 to January 2018. This Facebook 
campaign was expensive (approximately 60,000 NOK), and we had a restricted 
time frame for the project, which together limited further extension of the 
recruitment period.  
The Facebook campaign resulted in nearly 74,000 people being reached, and 
2,249 clicks on the link. From across Norway, 404 parents of infants and toddlers 
were recruited.  
The enrolled participants received an email with the baseline questionnaire 
approximately one month before their child turned one year old. After 
completing this questionnaire, the participants were randomized either into 
control or intervention groups according to an SPSS-generated randomization list 
prepared by Nina C. Øverby. If the parents had answered items concerning 
children’s food intake and parental feeding practices, which were of greatest 
interest for the study, they were included despite the lack of other answers (e.g., 
shopping habits). After the randomization, Margrethe Røed enrolled the 
participants and informed them about their group assignment and provided 
access to the website for participants in the intervention group. 
Study flow and sample 
The flow of participants in the study is shown in Figure 13. The socio-
demographic and behavioral data were obtained through the web-based 
questionnaire at three time points (Appendix 2-4). Baseline data were collected 
between September 2017 and February 2018 at child age 10.9 months, and 298 
were included. A total of 148 participants were allocated to the intervention 
group, and 150 to the control group. Mistakenly, two participants in the 
intervention group did not receive access information and could not use the 
website, and one intervention parent decided to withdraw from participating. 












The intervention group had access to the Food4toddlers website for six months 
after completing baseline measurements, while the control group did not. The 
parents commenced their access to the Food4toddlers web site in seven different 
cohorts to match the time their child turned one year old: the first in September 
2017, the last in February 2018. The children in the last cohort were younger 
than the others because we included children born until May 2017, and 
mistakenly included one born in July. Both groups received the usual care at the 
Child Health Centers, which usually includes three visits for children between 12 
and 18 months of age.  
Follow-up 1 questionnaire was delivered to the participants after the intervention 
period (seven waves) and collected between March and September 2018 at child 
age 18 months; 220 were fully or partly completed. Of those who answered the 
baseline and follow-up 1 questionnaire, ten were randomly selected to receive a 
gift card of 1,000 NOK, which was delivered to them in November 2018. 
Follow-up 2 questionnaires were collected at child age 24 months at two time 
points: November 2018 and February 2019, and a total of 182 were fully or 
partly completed. Participants with missing answers on some of the outcome 
variables used were excluded in the actual papers (see Table 3).  
 
Table 3. Sample size of the papers 
Questionnaire Paper I Paper II Paper III Paper IV 
Baseline  298 297* 291** 148 
Follow-up 1 NA NA 209* 83* 
Follow-up 2 NA NA 174* NA 
*The number represents participants with complete answers on outcome variables  
**Seven participants were excluded due to low child age (1) and missing demographic 
data (6)  
 
For the discussion about the recruitment and study sample, see section 5.1.2. 
The questionnaires were delivered using the online survey software SurveyXact 
[166]. In the case of twins, the parent was asked to report on behalf of the eldest 
child. After receiving answers from 39 persons, we recognized that five 
responders had stopped answering after a few questions. The “hard” questions, 
which made them stop answering, were to fill in the length and weight of the 
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child reported at the health care centers. The parents usually have this 
information in a pamphlet. These questions were then moved towards the end of 
the questionnaire, and more participants completed most of the questionnaire 
after this revision. We sent a maximum of three reminders through email to non-
responders from two different email addresses. The text in the reminders was 
modified a few times to make it more motivational, and we also added a deadline 
date for completing the questionnaire. 
3.5. Presentation of the papers 
This thesis consists of one study protocol and three research papers.  
Paper I is the study protocol. A study protocol contributes to openness and 
ensures verifiability [167], and this article was peer reviewed. The protocol 
describes the project's rationale and theoretical approach, the development, 
recruitment and implementation strategies, and measurements, in addition to the 
baseline characteristics of the two randomized groups listed.  
Paper II is based on baseline measurements and evaluates two elements (health-
promoting feeding practices and parental food choice motives) in the child’s 
eating environment and their associations with fruit and vegetable intake. We 
specifically assessed whether the feeding practices mediated the association 
between food choice motives and fruit or vegetable intake.  
Paper III evaluates dietary effects (primary outcomes) of the intervention at two 
time points post-intervention (follow-up 1 and 2) using data from all three 
measurements. In addition, results from other food groups than covered in this 
paper are presented in Appendix 6 and 7 in this thesis to complement the dietary 
findings. 
Paper IV is a process evaluation of how the participants in the intervention group 
used and accepted the intervention and is based on follow-up 1 measurements 
and user data retrieved from the Food4toddlers website.  
3.6. Measures and assessment methods 
The primary outcomes of this intervention were child diet quality and food 
variety.  
For secondary outcomes the food and eating environment was conceptualized in 
parental feeding practices, family and meal settings (meal frequency and meal 
distractions), food choices, awareness of the food environment (at home and in 
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grocery stores), home food availability and accessibility, food planning and 
preparation, and child weight and length.  
The questionnaires were approximately the same at all time points (Appendices 
2–4). However, some questions were excluded at the follow-ups, such as country 
of birth. At follow-up 1, the intervention group received questions about their 
experience with the website and how they valued the website itself. The 
questionnaires were developed with measurements previously used and tested 
internationally or nationally, with some exceptions. A description of the 
measurements used in this thesis is presented below. A pre-version of the 
baseline questionnaire was sent to a teenager, and two mothers of young children 
for clarification, and some minor revisions were made thereafter. One of the 
mothers had older children in addition to a toddler and said she tended to answer 
some of the questions (e.g., if the child “helps” with food preparation) on behalf 
of the older children. The baseline questionnaire took approximately 35 minutes 
to complete.  
3.6.1. Demographic measures 
The following parental and child characteristics were reported at baseline: child 
gender, child’s date of birth, whether the parent (answering the questionnaire) 
lived together with the child’s other parent; parental height, weight, date of birth, 
whether Norway was their country of birth, and their own and their partner’s 
educational level. Body Mass Index (BMI) was calculated from parental self-
reported height and weight (kg/m2). Parental educational level was categorized as 
follows: Lower secondary education or less; Lower secondary education plus 
one year of, e.g., folk university college; Upper secondary education; Tertiary 
vocational education; College/university (≤ 4 years); College/university 
(> 4 years); Other; Do not know, which is similar to categories used by others in 
Norway [19]. For the analysis, the education levels were dichotomized into two 
groups: four years of higher-level education or less, and more than four years of 
higher-level education (papers II, III, and IV). Parental education level is in our 
study used as an indicator of socioeconomic status (SES) [25, 168]. SES is a 
measure of a person’s economic and social status and tends to be positively 
associated with better health and diet [169, 170].  
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3.6.2. Outcomes measures 
Diet quality and food variety were the primary study outcomes of the randomized 
controlled trial. Parents reported frequencies of intake of a variety of foods and 
beverages normally eaten in Norway, a total of 59 items. In the papers contained 
in this thesis, the questions regarding vegetables, fruit, and discretionary foods 
were used (31 items). These food groups are indicators of the diet quality [14, 
171-173] and of special interest regarding the intervention. Variety of fruit and 
vegetables among preschoolers is also an indicator of a healthy diet and is less 
often measured than quantity and frequency of intake of fruits and vegetables 
[174, 175]. Intake of other dietary outcomes than fruit and vegetables (20 items) 
are presented exclusively in this thesis and complement the paper III findings 
(Appendix 6 and 7).  
Parents reported toddler’s frequency of fruit and vegetable intake (paper II and 
III). The questions were retrieved from the nationwide Norwegian diet survey 
among 12-month-old children called “Spedkost” [19]. The FFQ were validated in 
two Norwegian studies of 1- and 2-year-olds [176, 177]. Questions covering 
items widely consumed in Norway [178] were as follows: “How often does your 
child eat the following fruit/vegetables nowadays?” Fresh, cooked, or squeezed 
fruit and vegetables and both homemade and commercially produced variants 
were included in the food items presented. In total, 13 vegetables and 11 fruit 
were listed.  
We used a 6-point scale ranging from never to several times a day with the 
following response options, which were recoded into times per week: never or 
less than once a week = 0; one to three times a week = 2; four to six times a week 
= 5; once a day = 7; two times a day = 14; and three times or more per day = 
24.5. Other studies have used similar recodings [51, 71, 179, 180]. A combined 
score of total vegetable intake was calculated, and another for total fruit intake 
(frequency per day).  
For paper III, the same items as previously described for vegetable and fruit 
frequency were used to allocate two variety scores of eaten (coded 1) and not 
eaten (coded 0) vegetables (13 items) or fruit (11 items). In the same paper, a 
score of discretionary foods and beverages was allocated. To assess the 
consumption of snacks, questions from the MoBa study were included in the 
questionnaire and the rationale for this FFQ in a Norwegian setting is 
documented  [181]. The questions on how frequently discretionary foods were 
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consumed were as follows: “How often does your child eat the following foods 
nowadays?” The following food groups were assessed: 1) cakes, waffles, and 
sweet biscuits; 2) dessert/ice-cream; 3) chocolate; 4) candy; and 5) chips. A 6-
point scale was used, ranging from never to several times a day. The response 
options were recoded into times per week: never = 0; less than once a week= 0.5; 
one to three times a week = 2; four to six times a week = 5; one to two times a 
day = 10.5; and three times or more per day = 24.5. Beverage frequency options 
was retrieved from “Spedkost” [19] and assessed by the following question: 
“How often does your child drink the following drinks nowadays?” The response 
options were recoded according to daily intake: never/seldom = 0; one to three 
times a week = 0.29; four to six times a week = 0.71; one per day; = 1; two per 
day = 2; three per day = 3; four per day = 4; five or more per day = 6.  
A discretionary food score of frequency per week, of the above mentioned five 
snack items and two beverage items, was allocated. Due to few items (7), a 
variety score like the fruit and vegetable scores was not allocated.  
In the thesis supplements to paper III, other dietary outcomes (20 items) were 
elaborated (Appendix 6 and 7). Parents reported the children’s beverage and 
porridge intake in the questionnaires. These items were retrieved from 
“Spedkost”[19] and recoded into the daily frequency of intake described for 
discretionary beverages above. These items were: breast milk, milk substitute, 
milk, water, artificially sweetened beverages, juice, smoothie, and three types of 
porridges. Sum frequency scores were made of artificially sweetened beverages 
(two items), smoothie (two items), and milk (two items). 
The parents also reported the children’s frequency of these foods: meat, fish, 
potato, rice, and bread. These items were retrieved from the MoBa study [182] 
and recoded in the same way as the above-mentioned discretionary food items to 
show weekly intake. Sum frequency scores were made for fish (2 items) and 
meat (2 items).   
3.6.3. Measures of feeding practices and food choice motives 
Two elements in the eating environment (health-promoting feeding practices and 
parental food choice motives) were described in paper II, and their associations 





Health-promoting feeding practices 
Parental feeding practices were assessed using the Comprehensive Feeding 
Practices Questionnaire (CFPQ) [183] and added as the potential mediation 
factor in the analyses in paper IV. The CFPQ has 49 items on 12 subscales. All 
items are statements or questions measured on a five-point Likert-type scale 
ranging from disagree to agree or from never to often. The answers were coded 
into a score from 0 (disagree/never) to 4 (agree/often). The CFPQ is validated 
and tested for reliability for parents of children in different age groups [183-186], 
as well as in the Norwegian context [187]. See Appendices 2–4 for questions 
included in the questionnaire. 
Of the 12 subscales, five can be considered health-promoting feeding practices. 
We investigated three of these (Cronbach’s α values presented are for our 
sample): encouraging balance and variety (e.g., “I encourage my child to try new 
foods,” four items, α = 0.47), shaping a healthy environment (e.g., “Most of the 
food I keep in the house is healthy,” four items, α = 0.68), and healthy modeling 
(e.g., “I try to show enthusiasm about eating healthy foods,” four items, α = 
0.67). The Cronbach’s α values for the three subscales used were similar to those 
reported in another study using the same measurements among parents of 1-year-
olds [184]. Two subscales (involvement and teaching about nutrition) were 
excluded because of the child’s young age, as was done in an Australian study 
[184].  
Parental food choice motives  
The Food Choice Questionnaire (FCQ) was used to assess parents’ motives 
underlying their selection of food and is included as the independent variables in 
the mediation analyses in paper II. Steptoe et al. [34] developed this 
questionnaire, and the FCQ is widely used and also tested for validity and 
reliability at the country and cross-national levels [188, 189].  
The FCQ comprises 36 items grouped into nine factors (health, mood, 
convenience, sensory appeal, natural content, price, weight control, familiarity, 
and ethical concerns). The responses in the original FCQ were on a four-point 
scale [34], though Fotopoulos et al. [189] suggest using a seven-point scale to 
elicit a wider range of answers, which was used in the present study. The 
questions were translated into Norwegian for this study, back-translated into 
English, and adjusted as needed. 
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Participants were asked to rate their level of endorsement of statements such as 
“It’s important to me that the food I eat on a typical day […],” rating each 
statement from 1 (extremely unimportant) to 7 (extremely important) [189]. The 
factors used were tested for reliability using Cronbach’s alpha. 
Five factors were included in the baseline questionnaire for the Food4toddlers 
study because they were regarded as important precursors for the development of 
healthy food and eating environments for toddlers. These five factors were 
(Cronbach’s α values presented are for our sample): health (e.g., “It’s important 
to me that the food I eat on a typical day is high in protein,” six items, α = 0.81), 
convenience (e.g., “It’s important to me that the food I eat on a typical day is 
easy to prepare,” five items, α = 0.79), sensory appeal (e.g., “It’s important to me 
that the food I eat on a typical day looks nice,” four items, α = 0.64), price (e.g., 
“It’s important to me that the food I eat on a typical day is cheap,” three items, α 
= 0.73), and familiarity (e.g., “It’s important to me that the food I eat on a typical 
day is familiar,” three items, α = 0.73).  
In the fall of 2018, we performed a simple reproducibility study including 29 
parents recruited from several kindergartens who were not participating in the 
Food4toddlers study. Information including a link to the online questionnaire 
was sent to the parents by email or posted on the kindergarten’s homepage or 
Facebook site. Parents with children from ten months to four years were eligible 
to participate. The items were tested for reproducibility through a test-retest 
study at two time points (two weeks apart). The standardized measure, Pearson’s 
correlation coefficient, showed acceptable-to-excellent correlations for the 
factors used (health: r = 0.91; convenience: r = 0.93; sensory appeal: r = 0.78; 
price: r = 0.85; familiarity: r = 0.73). Even though this was not a full-scale 
reproducibility study, the study gave us an indication of the quality of the 
measures.  
3.6.1. Process evaluation measures 
After the intervention period, the intervention group received an extended 
version of the online questionnaire (see Appendix 3), including questions about 
their experiences with and their perceived value of the Food4toddlers website 
(paper IV). The parents graded five statements about the intervention: Do you 
agree or disagree with these statements: 1) The content was well adapted to the 
child's age; 2) The text was understandable; 3) The website was user-friendly; 4) 
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The website had an appealing layout; and 5) I learned something new. The 
parents responded on a five-point scale, from strongly disagree to strongly agree 
with an additional I don’t know answer possibility. The same five-point scale was 
used for the parents to respond to the following statements: 1) The recipes were 
easy to follow; 2) The recipes were easily adapted for the whole family; and 3) 
The videos of the recipes were useful. A recoding was done to merge the five-
point scale into three groups (agree, indifferent, disagree). In addition, the 
parents were asked how many of the recipes they had made, with the following 
response options: none; none, but got inspiration; 1–5; 6–10; and 11 or more. 
Data from the use of the website was retrieved from the LMS (NEO). These data 
were retrieved manually from NEO, and the registered data accessible was 1) 
number of days the participants accessed the website, 2) the use of the 22 
lessons, and 3) activity on the discussion forum. It was not possible to retrieve 
any data on the use of the recipes and the “Good to know” section. Some 
participants were registered as merely having visited the site and had no reports 
on the use of any lessons. They were coded as “one day users” since they entered 
the website and could have used the rest of the website except for the lessons 
(e.g., recipes).  
3.7. Ethics of participation 
Research clearance for the Food4toddlers study was obtained from the 
Norwegian Centre for Research Data, 08/06/2016, reference 48643 (Appendix 
8). In June 2017, we received clearance for some minor changes, i.e., the design 
was changed from a cluster RCT to RCT, face-to-face components were 
removed, the digital tool was changed from an app to a website and some minor 
revisions of the questionnaire were done (Appendix 9). Informed consent from 
the parents was obtained when they signed in online for participation in the 
study. The trial was retrospectively registered internationally on the 13th of 
September 2017: https://doi.org/10.1186/ISRCTN92980420. The registration 
was sent in a few months before but not registered before September. The reason 




3.8. Statistical analysis 
Sample size calculation 
The sample size calculation was based on a healthy diet composite score from a 
Greek study [190] , because no such score has been developed and tested in 
Norway. The healthy diet score had ten components that assessed child diet, and 
a mean score of 60.5, with SD 9.2, was observed. A 3-point difference in score 
between the control and intervention groups was considered relevant from a 
public health perspective. With a statistical power of 80% and α of 5%, we 
estimated that 142 children in each group would be required to demonstrate 
statistical significance. Assuming a 40% loss to follow-up, we aimed to recruit 
237 parents in each group.  
Descriptive statistics 
Descriptive statistics are presented as means with standard deviations for 
continuous variables, and for categorical variables, numbers and percentages are 
calculated. For lost to follow-up analyses (paper III, table 2) group differences 
were examined using a two-sided independent sample t-test for continuous 
variables and Pearson’s chi-squared test for categorical variables.  
Paper I 
The protocol paper describes the development, implementation, and plan for the 
assessment of the intervention. Descriptive statistics between the intervention 
and control group are presented, i.e., parental gender, age, BMI, household 
characteristics, ethnicity, education level, and geographic residence as well as 
child gender and age. All analyses were conducted using IBM SPSS Version 25. 
Paper II 
In this paper, we examined two elements in the eating environment and potential 
associations with child fruit and vegetable intake. The product-of-coefficients 
method was applied [191] and tested whether parental food choice motives 
(health, convenience, sensory appeal, price, and familiarity) were associated with 
child fruit and vegetable intake as well as whether the potential associations were 
mediated by health-promoting feeding practices (encouraging balance and 
variety, shaping a healthy environment, and healthy modeling). For each food 
choice motive and its relation to fruit or vegetable intake, three single mediation 
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models were conducted. The bootstrap approach was performed to estimate 95% 
confidence intervals of the coefficients (n = 5,000; 95% CI) [191-193]. All 
analyses were conducted using IBM SPSS Version 25. Process 3.1 for SPSS 
from Hayes [193] was used to perform the single mediation analyses.  
Paper III 
This paper measured dietary effects of the study. We used generalized estimating 
equations (GEE) to determine whether the intervention had an effect on child 
vegetable, fruit and discretionary food consumption from baseline to follow-up 1 
and follow-up 2. Frequency of intake (vegetables, fruit, and discretionary foods) 
and variety of intake (vegetables and fruit) were included as dependent variables 
in separate models. An interaction term between group (intervention vs. control) 
and time (baseline vs. post-intervention) was entered into all models to examine 
whether changes in dietary intake from baseline to follow-up 1 or follow-up 2 
differed significantly between the control and intervention group. An 
unstructured covariance matrix and robust estimates of the standard error (SE) 
were used. The models were adjusted for child gender and age and parental BMI, 
education level, and age reported at baseline. These are known covariates for 
vegetable and fruit intake [194] and were stated in the Food4toddlers study 
protocol (paper I). The GEE method was developed by Liang and Zeger [195] in 
1986 and was considered suited to our data because the method can be used for 
non-normal data, can handle missing data in the follow-ups and the potential 
correlation of data (using a group approach) [195, 196]. All participants can, 
therefore, be included. Sensitivity analyses (T-tests and Mann-Whitney U tests) 
using complete cases were ran to measure the difference between baseline and 
follow-up 1 values, and baseline and follow-up 2, respectively, for all outcome 
variables.  
In the thesis supplement to paper III, Appendix 6 we present simple analyses of 
16 food groups to complement the dietary findings. In addition, is the fruit, 
vegetable, and discretionary food intake presented in the same table. Mean scores 
with standard deviation (SD) and median with 25% (Q1) and 75% (Q3) quartiles 
were presented for dietary intake in the control and intervention groups at 
baseline, follow-up 1, and follow-up 2. Mann-Whitney U-test and independent-
sample t-test were used to measure between-group differences. This supplement 
works as sensitivity tests for the between-groups differences in dietary intake we 
found in paper III (fruit, vegetables, and discretionary foods). In Appendix 7, 
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dichotomous categories were made between high and low fruit and vegetable 
consumers. The cut of was close to the highest quartile. Because many 
participants had the same score, the high consumers were not exactly 25% of the 
participants but the cut off was as close as possible. Then we measured the 
difference in intake of high and low fruit and vegetables consumers for 16 food 
and beverage items. Mann-Whitney U-test was used to measure differences 
between these groups. The intention-to-treat principle (ITT) was used in the 
analyses in this paper, keeping all participants in the treatment groups [197, 198]. 
All analyses were conducted using IBM SPSS Version 25, except for GEE, 
which was run in STATA version 16. Statistical significance was set to the P ≤ 
0.05 level. 
Paper IV 
In this process evaluation of the intervention means with standard deviations for 
continuous variables and frequencies and percentages for categorical variables 
were reported. Chi-square tests were used to test potential differences in the 
perceived value of the intervention between the two education groups and 
according to the number of children in the household. The intention-to-treat 
principle (ITT) was used in the analyses in this paper, including all intervention 
group participants [197, 198]. 
For possible group differences for continuous variables, independent sample t-
tests were used. All analyses were conducted using IBM SPSS Version 25. 




4. Main results 
The major findings of the four included papers are listed below.  
Paper I 
The Food4toddlers study – study protocol for a web-based intervention 
to promote healthy diets for toddlers: a randomized controlled trial. 
This paper describes the rationale of the Food4toddlers study, the development of 
the study website, and the recruitment of the participants. The baseline 
characteristics of the participants are also presented. The rationale and 
development of the website are previously described (see sections 3.2 and 3.3). 
During the recruitment period from August 2017 to January 2018, 404 parents 
signed up for participation. In total, 298 answered the baseline questionnaire and 
were randomized into either control (n = 150) or intervention (n = 148) groups. 
The mean age of the participants was 31.9 (SD = 4.0) in the control group and 
31.5 (SD = 4.4.) in the intervention group. The BMI was slightly higher in the 
control group, 25.1 (SD = 4.8) compared to the intervention group, 24.9 (SD = 
4.6). Over 96% lived in a two-adult household, and the mean number of family 
members was 3.65 (SD = 0.9) in the control and 3.60 (SD = 1.0) in the 
intervention group. A total of 83.2% of the control group members were born in 
Norway, compared to 89.2% in the intervention group. Over 50% (control 56.5% 
and intervention 51.7%) of the participants had an education level of > 4 years of 
higher education. The child age at baseline was 10.8 (SD = 1.2) in the control 
group, and slightly older in the intervention group,10.9 (SD = 1.3). In total, 
43.3% in the control group were girls, compared to 46.6% in the intervention 
group.  
Paper II  
Associations between parental food choice motives, health-promoting 
feeding practices, and infants’ fruit and vegetable intake: The 
Food4toddlers study 
Baseline data were used to describe two elements in the eating environment 
(parental food choice motives and health-promoting feeding practices) and their 
associations with child’s vegetable and fruit intake. The food choice motives 
assessed were health, convenience, sensory appeal, price, and familiarity. The 
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health-promoting feeding practices assessed were shaping a healthy environment, 
encouraging balance and variety, and healthy modeling. All 298 who answered 
the baseline questionnaire were included in this paper. The mean score of three 
food choice motives (health, convenience, and sensory appeal) was above five on 
a scale from one to seven; price had a mean of 4.26 (SD = 1.39); and familiarity 
2.71 (SD = 1.21). The mean score for all three feeding practices assessed was 
over three on a scale from zero to four. Higher scores on the motive of health 
were positively associated with infant vegetable intake (τ = 0.39 (SE = 0.10), p < 
0.001). No other significant associations were found between food choice 
motives and fruit or vegetable intake. The feeding practice of shaping a healthy 
environment mediated the relationships between health motive and both 
vegetable (αβ = 0.11, CI = 0.04–0.19) and fruit (αβ = 0.07, CI = 0.00–0.15) 
intake. The feeding practice of encouraging balance and variety mediated the 
relationships between health motive and vegetable intake (αβ = 0.09, CI = 0.03–
0.15) and between sensory appeal motive and vegetable intake (αβ = 0.05, CI:= 
0.01–0.10). The feeding practice of healthy modeling mediated the relationship 
between sensory appeal motives and vegetable intake (αβ = 0.03, CI = 0.01–
0.06). Small effect sizes were seen for all mediators. 
Paper III  
Effect of a parent-focused eHealth intervention on child’s fruit, 
vegetable, and discretionary food intake: The Food4toddlers RCT 
study 
In this paper, dietary effects of the intervention were examined. In total, 291 
were included in the analyses. Seven participants were excluded at baseline 
because of low child age (1) or missing data (6) on demographic variables 
(parental age, BMI, or education level). Those who lacked data at follow-up 1 
and 2 had not answered the questionnaire at all or had missing data on the 
outcome variables, however, all participants were included in the GEE analyses 
because this model handle missing data at the follow-ups. A total of 209 (71.8%) 
had answered follow-up 1, and 174 (59.8%) at follow-up 2. Using GEE analysis, 
a difference between the groups from baseline to the first follow-up (immediately 
after the intervention conclusion) showed a significant time by group interaction 
for the frequency of vegetable intake (p = 0.02). The estimated difference 
between groups in the change from baseline to follow-up 1 was 0.46 vegetable 
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items/day (95%, CI = 0.06, 0.86) in favor of the intervention group. The 
difference was attenuated at follow-up 2 and no longer significant (items/day = 
0.32, 95% CI= -0.12, 0.75, p = 0.15). No other significant between-group 
differences in dietary changes from baseline to either follow-up 1 or follow-up 2 
were observed. However, a borderline significant difference in variety of 
vegetables in favor of the intervention group was seen from baseline to follow-up 
1 (number tasted/week = 0.60, 95% CI= -0.04, 1.23, p = 0.07) and from baseline 
to follow-up 2 (number tasted/week = 0.73, 95% CI = -0.01, 1.46, p = 0.05). The 
sensitivity tests measuring the between-group differences from baseline to 
follow-ups confirmed the significant result.  
This thesis supplement, which complements the findings in paper III (table 4, 
Appendix 6), shows no significant differences between the control and the 
intervention groups at any timepoints for any of the dietary outcomes measured, 
except for vegetable intakes. Significant differences were seen for the vegetable 
frequency at both follow-ups and vegetable variety solely at follow-up 2. The 
standard deviation was large in the sample, especially for discretionary foods and 
milk frequency at both follow-ups.  
To identify how fruit and vegetable consumption were associated with other 
dietary intakes, the frequency of intake of other food items are presented 
according to fruit and vegetable consumption (see table 5, Appendix 7). The 
results show that those with a high daily frequency of vegetables also had a high 
intake of water, smoothies, homemade wholegrain porridge, and fish. Homemade 
whole grain porridge was also associated with a high vegetable variety, fruit 
frequency, and fruit variety, respectively. In addition, a high frequency of fruit 
was associated with a high intake of smoothies.  
Paper IV 
Process Evaluation of an eHealth Intervention (Food4toddlers) to 
Improve Toddler’s Diet: Randomized Controlled Trial. 
In total, 148 parents were allocated to the intervention group, and all but two 
received access to the Food4toddlers intervention website for six months. Paper 
IV is a process evaluation of the intervention. Data retrieved from the website 
showed that more than 86.5% of the intervention group participants visited 
the website. The mean days of access was 7.4 (SD = 7.1). This paper also uses 
data from the questionnaire at follow-up 1, and 83 (56%) intervention 
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participants responded to questions concerning website use. Most parents found 
the website appropriate to the child's age and easy to understand (86–93%). The 
interface and layout were appreciated by the majority of intervention participants 
(56–63%). The parents valued the recipes as the most useful part (43%) of the 
website, followed by the modules (32%). In total, 61% said that they learned 
something new from the intervention. Parents with higher education levels (> 4 
years) used the intervention website more than those with a moderate education 
level (≤ 4 years of education), and those with one child used the website more 
frequently than those with more than one child in the family. Higher educated 
parents reported that they learned more from the website than moderately 
educated parents. The discussion forum included in the website was used by 





5.1. Discussion of the methods 
5.1.1. Study design and development 
The Food4toddlers study’s design was an RCT design, which is often used to test 
intervention effects in groups within society or patient groups. This design for 
health behavior change interventions is known to be the most rigorous test of 
interventions [82, 199, 200]. In the 1990s, RCTs were increasingly promoted to 
evaluate public health interventions, and not only medical research [201].  
In paper II we applied baseline data to investigate cross-sectional associations 
between two elements in children’s eating environment and fruit and vegetable 
intake. This cross-sectional data (baseline), was suitable for these analyses, but 
hinder causal interpretation of the findings [202]. However, for further studies, 
cross-sectional relationships may be important to generate hypotheses [202]. Due 
to the strict timeline in the Ph.D. project, paper II was conducted while waiting 
for the follow-up 2 questionnaire. The findings of the different patterns of fruit 
versus vegetable intakes in paper II, contributed to the in-depth focus of these 
issues in paper III. 
We targeted dietary behavior on the intra and interpersonal levels in this study; 
no other dietary determinants on other socio-ecological levels [35] (like taxes or 
food deliveries in grocery stores) were changed. The benefit of targeting a single 
dimension as we have done here through the website, is that it is easier to 
ascertain which elements cause the results [35]. The disadvantages are that all 
levels of influences are important, and some find that a multilevel intervention 
tends to be more effective in maintaining behavior change over time [35]. We 
used the main steps of Brug et al.'s [37] Model for Planned Promotion of 
Population health to guide the development of the intervention, where 
Intervention Mapping is often used for implementation. We decided to use Social 
Cognitive Theory (SCT) for implementation [80], which we considered 
particularly suited to our intervention, and due to the known challenge that the 
Intervention Mapping process is time-consuming [203, 204]. The simple but 
universal SCT model of reciprocal determinism are a well-known model for 
health behavior change and by focusing on the three elements in the model and 
techniques recommended to target within each element, we influenced the 
desired behavior from multiple angles and with different behavioral change 
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techniques. People acquire knowledge in different ways (e.g., learn facts or 
require pictures), and using different approaches increases the possibility for a 
variety of participants to learn from the tool [205].  
Co-creation 
Involving users and stakeholders in the development of digital tools has been 
increasingly important to ensure that the tools for health behavior change are 
suitable [161], and we considered the extended co-creation process a potential 
strength of this study. The parents and stakeholders we interviewed at the start of 
the intervention's development phase had a varied ethnic background. The 
potential to meet parents of different ethnic backgrounds was stronger where they 
meet for other reasons (e.g., baby singing classes) than at the university.  
The design was changed from a cluster RCT to a regular RCT (solely digital) due 
to the interviews with health care nurses. Their valuable inputs, as well as inputs 
from parents interviewed, important issues (e.g., spicy food) were incorporated in 
the website. However, a closer co-creation process later in the developing phase 
might have yielded an important insight, particularly input regarding the 
website's interface, which was considered as less valued by the participants in 
our study compared to other elements measures (see section 5.2.3). A pilot 
version of the Food4toddlers website was tested during two weeks and with 14 
participants. The short survey conducted before and after the implementation 
provided information which led to changes in the intervention, primarily of a 
technical nature. A longer duration of this pilot test and incorporated interviews 
with the pilot test participants might have contributed to a better understanding of 
how the intervention worked and may have contributed to better adherence and 
extended use of the website. Incorporating a comprehensive framework for user 
involvement, as done by Schnall et al. [162], may help integrate user 
involvement in all phases of the website development.  
5.1.2. Recruitment and study sample 
We wanted to have a representative sample of Norwegian parents so that the 
findings could be generalized to the population. We recruited more than 400 
parents with children born in a restricted timeframe, however these were mostly 




Recruitment method  
Facebook was used for the recruitment of participants, which is recommended as 
a cost-effective and rapid tool for recruiting [114, 127, 206, 207]. According to a 
review of 101 health studies by Thornthon et al. [206], few differences were 
found in the population’s demographics when using Facebook relative to 
traditional recruitment methods.  
All Norwegian counties were represented in our sample, which is a strength of 
the study. Proportionally, the southern parts where the University of Agder is 
located were overrepresented compared to national figures [208]. Information 
about the project was presented on the university’s webpage and Facebook 
profile and staff at the university and other collaborators recommended it, which 
most likely contributed to the higher proportion of participants from the southern 
part of the country.  
Our Facebook campaign resulted in more participants recruited than in a similar 
Facebook campaign conducted in the HomeStyles study [117]. This may indicate 
that we reached potential parents easier because we used a suitable search 
strategy, that the advertisement was appealing, due to national differences, or that 
the search function was better in 2017 compared to three years earlier during the 
recruitment period for the HomeStyles study.  
When the participants in the Food4toddlers study signed in, they provided their 
email addresses. We did not ask for a mobile number, because we thought that 
the email address was suitable. However, spam filters stopped some emails, and 
a mobile message might have been easier to respond to.  
We recruited participants when the child was about ten months old and recruited 
404 during a period of 5.5 months. The recruitment process was easier in the 
Norwegian Early Food for Future Health study where dyads with children 
younger than six months were recruited [127]. That period is probably a better 
time for recruiting due to the lower activity level of the child, so parents are more 
active on the Internet, the need for information about feeding tends to be stronger 
[149], and Norwegian mothers are still on maternity leave. 
In online settings, some researchers have shown that online users are prone to lie 
about their age [209], and some parents may have reported an incorrect child age 
to suit the intervention criteria. However, at follow-ups the date of birth was 
reported every time and checked for potential misreporting. 
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Characteristics of the reached sample  
We did not reach an even number of mothers and fathers in this study. Only four 
out of the 298 participants answering baseline questionnaire were men. This 
tendency is seen in several studies [114, 127, 210-212]. We wanted to 
incorporate both mothers and fathers because both contribute to dietary 
upbringing, and studies have shown differences in food parenting between the 
genders [210]. Our results would probably have been different if more fathers 
had contributed. A lack of interest in health information may be one of the 
reasons why we did not reach men when recruiting for this study. Norwegian 
women search for health-related information on the Internet to a larger degree 
than men: 95% and 65% respectively [101]. In a study by Davison et al. [213], 
80% of fathers wanted to participate in health research, but they said they were 
simply not asked. Our click tracing campaign probably reached women more 
easily than men even though we addressed it to parents in general. A possible 
solution could be to also use gender-specific advertisements, addressing solely 
fathers, which has shown promising results [214] and may have evened the 
gender imbalance in our study. Another alternative which has shown positive 
results is to recruit fathers through workplaces [215] or consider advertisement 
on websites used by young men, e.g., Gamer.no. Facebook is the most frequently 
used social media in Norway (daily use of 67% of the population), followed by 
Messenger (46%), Snap Chat (45%), Instagram (34%), YouTube (23%) and 
Twitter (8%) [216]. Only Twitter and YouTube are used more frequently by men 
than women and could have been an interesting alternative for recruitment; 
however, fewer daily users lower the potential to reach a large number through 
these channels.  
Even though the child’s “other” parent (mostly men) could enter the website, few 
did, or they accessed it but were not engaged enough to pursuing it further, which 
is also seen in another study [217]. A reason for this might be that the email they 
received with login instructions was perceived as spam mail or the intervention 
was not considered interesting to them. 
Most of the sample participants were highly educated. The reason we recruited 
highly educated individuals is probably linked to the fact that highly educated 
parents search more frequently for health information [152] and are more willing 
to participate in health interventions [165], and that our advertisement appealed 
more to these groups. The education level is also high in Norway compared to 
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European and international figures [218], and higher among women than men in 
childbearing age [219], which means that many potential highly educated 
mothers are in the target population. A sample including more participants with 
lower education may have had a higher potential for improvement due to lower 
potential adherence to dietary guidelines among parents with lower education 
levels [220]. The generalizability (external validity) [221], according to the 
general population and other settings (e.g., other countries) is, therefore, lowered 
due to the unbalanced education level in the sample.  
Sample size and missing data 
We wanted to recruit an adequate sample size in order to detect true differences 
[199]. Attaining an adequate sample size when conducting research is a known 
challenge [199]. A report from a review of 114 multicentered trials showed that 
less than one out of three studies managed to recruit the target sample within the 
planned time frame [222]. The sample size calculation in the Food4toddlers 
study was a general calculation done before the recruitment period started. Due 
to the lack of suitable dietary data for young children and in a Norwegian setting, 
and in order to get a proximate number needed to identify differences between 
groups, results from Angelopoulos et al. [190] were used for this purpose. They 
presented data using a dietary index and that was chosen as measure for child 
diet quality. The Food4toddlers study’s goal was 237 parents in each group, and 
we recruited 404 in total. Of the approximately 57,000 children born each year in 
Norway, about half were eligible to the study (the included participants had to be 
literate in Norwegian and have a child born in a restricted timeframe). 
Unfortunately, we had to stop the inclusion of participants because of the limited 
time and high costs of social media recruitment.  
When the results were analyzed, the frequency and variety of key food groups 
were used instead of a dietary index like the one by Angelopoulos et al. [190] to 
measure the intervention’s effect. Our arguments for this decision are elaborated 
in section 5.2.2. For a particular measure, a minimum number of participants is 
required to identify significant difference if such difference truly exists [223].  
Presenting other findings than predefined primary outcomes may be considered a 
weakness of our study due to the lack of consistency to the predefined sample 
size. Low statistical power because of low sample size is a known challenge in 
health studies [224, 225]. A higher sample in our study might have given other 
significant results. One reason for few participants in the Food4toddlers study 
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was that the included children had to be born in a specific and narrow time frame 
because the intervention was specifically tailored to the children’s age. However, 
with small adjustments in the Food4toddlers website, parents with slightly 
younger or older children could have benefited from attending. It might have 
been preferable to make such adjustments; however, parents report that age-
specific content is important [148], which would have been more difficult with 
broader inclusion criteria and less age-specification can lower the acceptance of 
the content.   
Missing data may occur in different stages of the study and can reduce the 
precision and power because of reduction of data and potential bias in the 
estimation of effects (both between and within-group effects) [226]. A challenge 
in our study was an extensive loss to follow-ups, which lowered the sample 
included at all time points. Approximately 25% of participants were lost between 
follow-ups (see flowchart in section 3.4). A thorough overview of baseline 
characteristics of participants who adhered to the intervention and those lost to 
follow-ups are presented in paper III (Table 2). Few differences were seen. 
However, the highly educated were more willing to answer the follow-ups 
(significant for follow-up 2) as also seen in another study [107], and this may 
bias the results e.g., these participants may be more willing to offer the children 
healthy food. In randomized trials, a participant’s allocation to the control group 
may reduce their willingness to respond to follow-up questionnaires because 
these participants did not benefit directly from the study [227]. However, an 
observation in this study was that for the follow-up 1 measurement, more 
participants from the control group answered the questionnaire than the 
intervention group (Chi-square test, p = 0,007). This significant difference was 
not seen for follow-up 2 responses. Participants from both groups who answered 
the follow-up 1 questionnaire were part of a lottery and could receive one of ten 
gift cards for 1,000 NOK, meaning that both groups had an equal potential 
economic benefit from answering. The different response rates at follow-up 1 
between the groups could be random, or one can speculate whether low 
adherence participants in the intervention group felt ashamed to respond due to 
their low attendance.  
Another problem with missing data was that participants started to fill out the 
questionnaires but did not finish due to the potential too long questionnaire. At 
inclusion, we decided to include those who had answers on children’s food 
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intake, parental feeding practices, and demographic data (all important data for 
this study), which increased the number of included participants.  
Even though one cannot be sure, we assume that the data is missing at random 
(MAR), and observed data could estimate the missing values [228, 229]. For this 
matter, GEE analyses is an appropriate method [196], which we used in paper III. 
This analysis purpose of making inferences about the population when 
accounting for correlation within-subject and is preferred on small samples [230]. 
In the papers in this thesis, the sample size was not consistent. In paper I and II 
using baseline data, all study participants were included (n = 298). In paper II, 
one participant who lacked responses to FCQ questions were excluded in 
analyses including FCQ questions. Excluding this participant in all analyses 
would probably have been a better choice due to a consistency in number.  
In paper III the sample was lower because we excluded a parent-child dyad with 
a too young child, which we, unfortunately, overlooked when we started 
processing the data in the other papers. In addition, we excluded six participants 
with missing answers on variables we adjusted for (parental age, BMI, and 
education level). Missing values on single variables were not a major problem in 
our digital questionnaire because most of the variables were mandatory to 
answer, except for answers where they had to fill in exact numbers (e.g., age). 
Everyone in the intervention group was included in the process evaluating paper 
(paper IV).  
Given the low sample size and a relatively large standard deviation observed in 
the results, an alternative to the RCT design could have been a within-person 
design where each person gets exposed to more than one of the treatments being 
tested, and therefore fewer participants’ are required [231]. The participants’ 
behavioral changes are tested when the experiment’s circumstances change 
[231]. However, the tailoring by age in our study makes this approach more 
complicated, and there is a potential for learning and transfer across conditions 
using a within-person design. Our main goal was not to measure changes from 
one time point to another or between one type of condition to another but to 
assess a between-group effect of one treatment compared to no treatment in 
which RCT is a preferred method. 
Intention-to-treat (ITT) in RCT studies keeps participants in their allocated 
groups and accounts in the final treatment analyses for them [198].  
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The ideal ITT approach is no missing outcome data, however, is merely not 
possible. Therefore, to avoid loss was strived for in the Food4toddlers study both 
in planning, conducting, and analysis as recommended by Polit and Gillespie 
[198], e.g., by being theory-driven, by conducting a pilot test, sending out 
reminders, provide benefits for those who answered questionnaires and use 
methods that accounts for missing data at follow-ups. One potential disadvantage 
in our study was the long time period from signing up to inclusion for some of 
the participants due to the possibility of registering for the trial between ages six 
to 12 months while not being included in the study before the child’s first 
birthday. Personal contact for non-responders might also have been beneficial 
(see the section about “Recruitment method” above for other considerations). An 
in-depth investigation of low-adherent participants, especially in the pilot study, 
could have given us insight into hinders to participation [198]. For the papers, the 
ITT principle was followed by including all participants in the analyses.  
5.1.3. The quality of the questionnaires and scores used 
In this section the quality of the measures used in this thesis from the 
Food4toddlers questionnaire will be discussed and, in addition, considerations 
about the scores used. Most of the measures used in the questionnaire have 
previously been used and tested internationally or nationally; see specifications 
below. The questionnaire was self-reported, which is a weakness of the measures 
because the answers rely on memory [232], e.g., self-reported height and weight 
might be less valid due to potential underreporting of weight and overreporting 
of height [233].  
We experienced that several participants only responded to parts of the 
questionnaire. The length of a questionnaire has a substantial impact on non-
response, and short alternatives are preferred unless the quality of the 
measurement is reduced due to less precise measurements [234]. A length of 
approximately 35 minutes was probably too long for some participants. 
Incomplete questionnaires were seen at all time points.  
The digital RCT design in this study was well suited to be distributed nationally, 
and we assumed that there was a low potential bias of contamination of 
intervention content between participants in the intervention and control group.  
We dichotomized education levels into high and moderate education levels for 
use in the analyses. The groups without any college or university education were 
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very small. Knowing that every year of education counts in terms of better health 
[235], the education levels were dichotomized to achieve close to equal group 
sizes: four years of higher-level education or less and more than four years of 
higher-level education (papers II, III and IV). An equal sample size increases the 
statistical power and the possibility to detect type 1 error [236]. Dichotomization 
between parents with no higher education or with a higher education is more 
common and has been done in other comparable studies [121, 127, 237], but in 
all of these studies, the number of parents with no higher education was larger 
than in our sample. Despite the fact that persons with university degrees were 
incorporated in both groups, we found differences between them regarding how 
they used the intervention (see section 5.2.3).  
Food Frequency Questionnaire (papers II and III)  
FFQs are known to be a cost-effective method for assessing the usual dietary 
intake over a specified period of time in a population [238]. The food frequency 
questionnaires used in Food4toddlers have been tested for the Norwegian setting 
[19, 182]. Quantifying the increase in grams and nutrient calculations might have 
given more precise estimates of between-group dietary differences. However, 
such detailed information was not asked for in the questionnaire.  
The score of discretionary foods (paper III) comprised of two beverages items 
retrieved from the national diet survey, “Spedkost” [19], and five snack items 
from the MoBa study [181]. The response alternatives were not identical in the 
two questionnaires, but each variable was recoded in terms of the number of 
times eaten a week. This may have introduced less precision in the measurement 
and potentially lowered our ability to detect potential true differences or 
associations.  
In deciding how to present the primary outcomes, several approaches were 
considered. As the power calculation was done using a score, this could have 
been an alternative; however, we chose differently. It would have been 
interesting to explore our primary outcome using a score, but there are several 
reasons why that is challenging. 1) Dietary recommendations before and after the 
age of one year are somewhat different, e.g., for cow milk consumption, which is 
not recommended before one year of age but is recommended after [10, 239]. A 
dietary index represents the level of adherence to dietary guidelines and reflects 
the overall diet quality [240]. To compare an index using data before and after 
one year of age is difficult because of the different recommendations. 2) Few 
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dietary indices are developed for infants and toddlers, and many include food 
diary records [241], which were not included in our study. In the paper of Tonkin 
et al. [242], published in 2018, they adjusted a dietary index made for older 
children to aboriginal Australian infants and toddlers, which may be considered 
for further studies. 3) When we started processing the data, we discovered that 
some items were problematic to fit in an index or score for small children as 
either a healthy or unhealthy alternative (e.g., meat or industry-made porridge), 
which left us with fewer possible alternatives to make scores or indices. The 
intervention’s focus was to create healthy food and eating environment and of 
particular interest was to have healthy food available, and the opposite for 
unhealthy alternatives. Fruit and vegetables were of particular interest due to 
their importance for healthy diet quality and were often included in the 
intervention videos or texts and were therefore chosen as a proxy for diet quality. 
A high intake of fruit and vegetables is a stable recommendation for all age 
groups, as well as a low intake of discretionary foods. Therefore, these food 
groups are essential to measuring and indicators of a healthy diet quality [240, 
243]. To complement the findings in article III a table is provided (Appendix 6), 
solely for this thesis, of other dietary outcomes in the intervention to give an 
overview of the children’s diet at all time points and compare the intervention 
and control groups.  
We also wanted to measure variety because a diet, including various healthy 
foods, is beneficial and recommended by the Norwegian government [10, 174] 
and is also an indicator of a healthy diet quality [175]. Our questionnaire had a 
rich number of fruit and vegetable items, and we made separate variation scores.  
To further justify that fruit and vegetable consumption is a good measure for diet 
quality, Appendix 7 shows baseline dietary differences between high and low 
fruit and vegetable consumers. We found that children with the highest intake of 
vegetable frequency (the 25 % with the highest intake) had a higher intake of 
healthy foods and beverages (water, smoothies, fish, and whole grains porridge). 
A high score on vegetable variation, fruit frequency, and fruit variation was also 
associated with a high intake of whole grains porridge. These results may 
indicate that fruit and vegetables are indicators of a healthy diet quality also in 





Comprehensive Feeding Practices Questionnaire (paper II) 
Several measurements to measure feeding practices were considered for the 
Food4toddlers study, e.g., the measurements developed by Vereecken et al. [244] 
and by Birch et al. [245], but for both of these measurements the questionnaires 
were more suitable for older children than infants and toddlers. We used the 
Comprehensive Feeding Practices Questionnaire (CFPQ), developed by Musher-
Eizenman and Holub [183], which captures the most interesting aspects of our 
intervention. In a recently published review by Heller and Mobley [246], they 
found 33 individual responsive feeding-related instruments, and the CFPQ was 
considered one out of three that had passed rigorous validation and reliability 
testing. Heller and Mobley [246] also concluded that there were limited 
instruments intended for children from birth to two years of age, leaving CFPQ 
as one of few alternatives. Although we excluded some questions because of the 
children’s age, there is a potential bias that multiparous parents report on their 
older children, instead of the toddler, as one of the mothers who tested out our 
questionnaire commented. Studies show that parents may use different feeding 
practices when feeding siblings [247, 248]. If the parents report on behalf of the 
eldest child, there is a potential for misclassification which then lowers the 
possibilities for detecting the correct differences and associations.  
The Cronbach’s alpha values for the used subscales were similar to those 
reported in another study using the same measurements among parents of 1-year-
olds [184], but not as high as would have been preferred [249]. Cronbach's alpha 
is sensitive when few items are used in the scales, such as the CFPQ scales used 
in this study [249]. Cronbach’s alpha requires strict and often unrealistic 
assumptions and therefore makes measures look less reliable than they are [250]. 
Other measures (e.g., the greatest lower bound) could probably have been used 
advantageously to estimate the reliability [250]. However, due to the potential to 
compare with findings from the study of Russell et al. [184], this measure was 
used.  
Food Choice Questionnaire (Paper II)   
Steptoe et al.’s [32] food choice questionnaire (FCQ) is widely used and tested 
[188], and we decided to use it in the present study. We asked the parents about 
their own food choices, not primarily the motives for providing food for their 
child or the family. Other studies have modified Steptoe et al.’s FCQ so as to be 
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phrased for children [77] or the family [76], which lowers the comparison to our 
study because of slightly different questioning. However, in the three studies, 
health and sensory appeal/taste were identified as important food choice motives, 
showing that the selection of one’s own foods or food for the family/child have 
similarities. Somewhat contrary findings were found in a study where mothers 
were asked to distinguish between motives for choosing food for themselves and 
for their children [251]. The mothers rated health motives higher when providing 
food for their children than for themselves. However, when it came to what food 
they actually gave their children, the children were given less healthy foods than 
the mothers ate themselves, which supports precision in questioning. Snuggs et 
al. [252] found that mealtime feeding goals were different from the parents’ goals 
when buying food. The mealtime goal stress/conflict avoidance outscored health 
goals when providing food. In addition, Snuggs et al. [252] questioned the face 
validity of the FCQ (e.g., if the parents understood the terms “health” or 
“convenience”). They developed a new measurement of parental feeding goals, 
and their results can inform the design of healthy eating interventions that target 
specific feeding goals, which are potentially more effective [252].  
A single-item questionnaire has recently been developed by Onwezen et al. 
[253], and they indicate that this FCQ can be a flexible and short substitute for 
the multi-item FCQ. A shorter questionnaire may make it easier for more parents 
to contribute. A simpler response scale (e. g., a 4-point scale compared to the 7-
point scale we used) may also lower the participant burden, but is not 
recommended due to the potentially lower precision, which may make it harder 
to detect a true difference [188].  
The Cronbach’s alpha values for this study were slightly lower than those 
reported by Pollard et al. [254] (four-point scale) and higher compared to 
Fotopoulos et al.'s [180] study (seven-point scale) for three out of five items (all 
items except sensory appeal and price). The scales had acceptable or good α 
values, except for one scale (sensory appeal, α = 0.64). 
Engagement measures (Paper IV) 
Since we developed the intervention website from scratch and co-created with 
master students, we did not at the beginning know which system would be 
appropriate for the intervention. We ended up using a learning management 
system (NEO), where we could retrieve data on how many times the participants 
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accessed the website, the number of fulfilled lessons, and the contributions to the 
discussion forum. It was not possible to track the participants’ use of other parts 
of the website, which would have provided a more comprehensive overview of 
website use. The data were manually retrieved from NEO, which lowers the 
reliability. Participants who logged in, but did not visit any of the lessons, were 
registered as one day users. How much they used the website (e.g., recipes), is 
not known. We have user data from all the participants and did not need to only 
rely on participants’ self-reported responses to the follow-up 1 measurements, 
which is a clear strength of this study. 
 
5.2. Discussion of the results  
The aim of this thesis is twofold: 1) to develop, implement, and evaluate an 
eHealth intervention, aiming to promote healthy dietary habits in toddlers by 
targeting parents’ awareness of their child’s food and eating environments, and 
2) using baseline data to examine associations between parental food choices 
motives, parental feeding practices, and children’s fruit and vegetable intake.  
The development and implementation of the intervention is described in this 
thesis method section (see chapter 3). 
5.2.1. Eating environmental factors and associations with child 
diet  
The psychosocial processes that drive parental feeding behaviors are important to 
explore in order to understand how to improve children's eating behaviors. In 
paper II we explored associations between two elements in the eating 
environment (parental food choice motives and health-promoting feeding 
practices) and their individual and combined association with child fruit or 
vegetable intake. We explored whether any of the five food choice motives 
assessed (health, convenience, sensory appeal, price, and familiarity) were 
directly associated with fruit or vegetable intake. In addition, the potential 
mediating effect of three health-promoting feeding practices (encouraging 
balance and variety, shaping a healthy environment, and healthy modeling) on 
these associations was assessed.  
A higher score on health motives was directly associated with higher infant 
vegetable intake. In other studies, associations appeared between strong health 
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motives and both fruit and vegetable intake [71, 255]. Those with strong health 
motives may be especially aware of the specific dietary challenges and make the 
effort to familiarize themselves with the guidelines on these issues. Given these 
associations, a particular focus on promoting health motives to parents with low 
such motives may be essential in parent-focused interventions.  
The importance of health motives is seen in several studies [71, 76]. For the 
present study, the participants had high scores on the importance of health 
motives (the mean was over five on a scale from one to seven). In a recently 
published paper, Snuggs et al. [252] discuss whether the importance of health 
motives is biased in interventions due to the overrepresentation of parents 
(mothers) with a particular interest in health issues. A more varied sample, 
including more lower educated parents as well as more fathers, may have 
reduced the importance of health and increased the importance of some of the 
other factors like familiarity or price. Maybe we would have seen other 
significant associations with fruit or vegetables in such a sample.  
The participants in our study had overall high scoring on convenience (over five), 
but no associations to fruit or vegetable intake were seen. Contrary to our 
findings, other studies have found associations between higher scores on 
convenience motives and lower fruit and vegetable consumption [255] or higher 
intake of energy-rich foods [76]. However, the children in these studies were 
older than toddlers, and convenience motives may be more important as the child 
grows, as older children have more opinions about and insight into the food 
provided and the eating situations. 
Roos et al. [76] expected to find associations between price and nutrient-dense 
food, but as in our as well as another study [77], no association was found. 
Contradictory findings were found in two other studies [256, 257]. Parents with a 
high socioeconomic status (SES) are more likely to rate price motives as less 
important than other motives, and the high proportion of high SES parents 
(measured by education level) in our study as well as other studies [75-77] may 
result in other motives out competing the price motive. High SES parents likely 
have a personal economy that supports selecting food for reasons other than 
price. 
The means of the three feeding practices examined were rated between 3.08 and 
3.57 (on a scale from 0–4), which is similar to the results reported by Russell et 
al. [184]. A possible explanation for these positive scorings may be many parents 
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with a high education levels in the sample, who tend to use health promoting 
feeding practices to a larger extent than others [184], and that parents tend to 
overreport positive practices [258].  
Shaping a healthy environment and encouraging balance and variety were more 
influential mediators than healthy modeling in the present study. The children’s 
young age may contribute to the low impact of healthy modeling. This feeding 
practice may have a more substantial impact as the child grows older and can 
understand the language as well as cognitively understand their parent’s actions.  
The importance of shaping the environment is well known, and the practice is 
characterized by a high access and availability of healthy foods, and the opposite 
for unhealthy alternatives [68, 259]. Shaping a healthy environment explain over 
26% of the associations between health motives and child vegetable intake. This 
result is not surprising and underpins the importance of this feeding practice. 
The positive associations between encouraging healthy eating and children’s fruit 
and vegetable consumption are relatively consistent in previous studies [260, 
261]. The feeding practice encouraging balance and variety mediated both the 
relationship between sensory appeal motives and vegetable frequency, and health 
motives and vegetable frequency in our study. If sensory appeal motives are 
important, the food provided is probably food which the parent likes the taste of. 
When liking a food type, encouraging others to eat the same food is probably 
easier to accomplish.  
In many parent-focused dietary interventions, the aim is to increase the parental 
use of health-promoting practices, with a minor focus on reducing the amount of 
practices associated with poor health outcomes (negative practices) which 
parents make use of [106, 109, 127, 130, 184]. Despite that, more negative 
feeding practices than health-promoting ones are being examined [70]. The 
results from this present study can guide researchers regarding which practices 
and motives to target in interventions to come. According to our findings, a focus 
on the feeding practices shaping a healthy environment and encouraging balance 
and variety is appropriate for similar populations. However, the small effect sizes 
on mediation found in this study may indicate that more research is needed to 
confirm findings.  
Mediation analysis is applied to identify potential mediating variables in a wide 
range of associations in nutrition research [262]. However, the method is 
controversial, especially for cross-sectional data  [263, 264], e.g., many rarely 
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acknowledged assumptions in empirical studies have to be met. There is a risk of 
oversimplifying the results for the mediation analyses. We cannot exclude the 
possibility of reverse causation between the two eating environmental elements 
measured, given the cross-sectional nature of the data [263]. The results must be 
interpreted with caution because using only a single mediation variable does not 
allow us to model multiple mechanisms simultaneously in a single integrated 
model [193]. Many elements can affect the dietary intake (outcome variables) in 
our study, meaning that there could be a correlation between a mediator and 
another variable that causally influences the outcome [263]. Adding more than 
one mediator to the model had allowed us to see which indirect effect of the 
mediators was the strongest. However, a more complex model is harder to 
interpret concerning the number of items investigated in this study. We wanted to 
investigate both fruit and vegetable consumption separately, and the simple 
mediation model was considered to be well suited. Some researchers claim that 
fruit and vegetables can advantageously be studied separately [61, 62, 265]. The 
different results for fruit and vegetables in this study confirms their suggestions. 
The bootstrap method used in our analyses is recommended by  Hayes [193] in 
studies with small samples and should be considered a strength due to the 
increase in power. A recently published review showed that presentations of 
sensitivity analyses were limited in studies using mediation [266] and Lange et 
al. [267] calls for extensions in existing software that makes it easier to perform 
these analyses. In addition to using the Prosess 3.1. for SPSS software, we 
calculated similar results step by step according to MacKinnon [191] procedure. 
Conducting sensitivity analyses as described by Imai et al. [268] could have 
tested the robustness of our results, but were unfortunately not done in our study. 
5.2.2. Dietary effects of the intervention  
The intervention aimed to make the parents aware of children's food and eating 
environment and facilitate healthy choices to enhance their child's diet. The 
findings in paper III suggest a positive intervention effect on our primary 
outcome, however, we did not manage to engage 13 % of the participants.  
Toddlers fruit and vegetable intake  
The intervention had an effect on the frequency of vegetable intake, and we also 
found a positive trajectory of vegetable variety in favor of the intervention group.  
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There is probably not a single reason for the positive findings. One reason may 
be that we addressed several aspects of enhancing the intake of vegetables and, in 
particular, did so at the start of the intervention period. Knowing that the interest 
in digital interventions is highest at the start of the intervention, both in ours and 
other interventions [269], essential elements of the content should be presented 
early, so that most participants receive this information. There was a video on the 
website's front page which focused on adding a weekly vegetable to the diet, and 
in the first thematic lesson the theme was accessibility and availability of healthy 
foods, the importance of repeated exposure of healthy foods, and the offering of a 
variety of healthy foods. These issues are particularly important for vegetable 
consumption because of the bitter taste that children need to be exposed to. This 
lesson was also the only thematic lesson available when first accessing the 
website. These issues may have given the participants key information.  
We wanted to find out if the most frequent users of the website benefited to a 
larger degree from the intervention than the rest of the participants and, in 
addition, if they differed in baseline characteristics. In a  Norwegian study, good 
adherence to diet and physical activity apps was associated with a better diet 
among adults [270]. Additional analyses were done in our study (data not 
shown), and no such differences were found. The quartile of most frequent users 
(n=36, fulfilled lessons >14 lessons) did not differ significantly from the rest of 
the intervention group in dietary intake at any time points and neither for baseline 
characteristics. Also, no baseline differences or differences in fruit, vegetable, 
and discretionary food intake at any timepoints were observed between users and 
non-uses (n=38, fulfilled lessons = 0). These results underpin that the focus at the 
intervention’s start on vegetables may have been important and not how many 
lessons the participants accomplished or personal characteristics.  
Addressing repeated exposure before the neophobic period as we have done here, 
may be especially beneficial to the acceptance of a variety of vegetables and for 
ensuring that this acceptance persists over time [58]. The borderline significant 
results of a variety of vegetables may indicate that we managed to accomplish 
this. 
A reason for the increased vegetable intake in the intervention group, contrary to 
fruit intake, may be a higher potential for adding more vegetables to a toddler’s 
diet compared to fruit. A child typically adapts to the family’s meals around the 
time of this intervention, and since vegetables are a major ingredient of hot 
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meals, the potential for increased intake may be higher for vegetables. Fruit as a 
snack, dessert, or drink (smoothie) may already be a part of habits not dependent 
on sharing family meals and lower the potential for improvement.  
The intake of commercially made hot meals decreases during the second year of 
life [19, 20]. In a study where the content of pre-prepared commercial infant 
feeding meals was compared to equivalent home-cooked recipes, the variety of 
vegetables was higher in the pre-prepared commercial meals [271]. The variety 
of vegetables in our sample was relatively stable at all time points in the control 
group but higher for both follow-ups in the intervention group. An intervention 
in this period wherein home-made alternatives replace commercially prepared 
food may be especially beneficial for addressing vegetable consumption.  
In the latest Norwegian nationwide dietary surveys, a positive tendency of a 
higher intake of fruit and vegetables is seen among infants and toddlers [21, 22]. 
National surveys show that fruit and vegetables intake is still low among older 
children in Norway [272, 273]. However, we are waiting for updates on these 
surveys. Our study’s children had an average daily fruit and vegetable frequency 
of over six items at all time points, which may indicate that the daily intake of 
five handfuls per day is met [10]. However, we do not know precisely how much 
they eat of each item. Still, our study’s positive results for vegetable consumption 
argue for the potential for improvement in this age group. When our study was 
conceived, literature reviews showed this food group as one of the dietary 
challenges and, in particular, to introduce various of foods before the neophobic 
period came about to maintain the intake over time. We also got suggestions 
through interviews with stakeholders and parents to incorporate how to get 
enough and the right food, and fruit and vegetables should be an important part 
of such a diet. However, the positive trend of higher fruit and vegetable 
consumption in Norway may guide interventions to come to elaborate other 
potential better approaches as more focus on food choice motives and positive 
feeding practices, which may contribute to maintaining healthy habits over time.  
The sample of parents in the Food4toddlers study had high scores for health 
motives at baseline, and we saw a positive association with vegetable intake 
(paper II). Nevertheless, as seen in other studies [77, 252], there may still be a 
lack of consistency between their own health motives for selecting food and the 
actual deliverance of a healthy diet to the child. By making the parents more 
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aware of the influences of the food and eating environment, this discrepancy may 
have become more apparent and encouraged them to make changes.  
The relatively large standard deviation of the toddler’s dietary intakes may 
indicate that there are large variations in the parents' patterns of action that make 
it challenging to find an intervention that suits everyone.  
The tendency for parents to report in favor of their own image is called a socially 
desirable response, and may have occurred here in both intervention and control 
groups [274]. More problematic, however, may be that the intervention group's 
parents may report according to the purpose of the intervention [275, 276], which 
may have biased our findings towards a larger effect of the intervention. Because 
of the low numbers included in the study compared to the calculated numbers 
needed, the result should be interpreted with caution. However, a strength of the 
effect results is the similarities between adjusted and unadjusted measures. We 
also used conservative estimates in the GEE analyses to avoid type 1 errors. 
Sensibility analyses were performed to test the robustness of our findings. We 
ran different GEE analyses, without outliers and with 
different correlation structures, and no major differences in results were seen 
(data not shown). Another test we performed, showing between-group 
differences in change from baseline to the follow-ups (complete cases), 
confirmed the findings for vegetable frequency from baseline to follow-up 1 
(data not shown). However, there were no borderline significant differences for 
vegetable variety. Also, we measured the difference in dietary intake between the 
two groups at all time points (Appendix 6). These results show a significant 
difference in intake at follow-up 1 and 2 for vegetables frequency and solely at 
follow-up 2 for vegetable variety. All sensitivity tests put weight on the 
significant between-group differences for vegetable frequency from baseline to 
follow-up 1, and no such differences for either fruit or discretionary food 
measurements. The other measures for vegetable intake are less robust. 
The solely digital delivery design enables the delivery of the intervention to a 
population at large, though at the same time limits personal tailoring. We 
challenged the parents to undertake concrete actions, e.g., buy more fruit and 
vegetables and then self-monitor whether they ate more the following week. 
Even though the website was not personally tailored, this may have affected 
vegetable intake.  
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Toddlers discretionary food intake  
The children’s natural likings of discretionary food due to the sweet or salty taste 
may be challenging [277]. A high intake is linked to overweight and obesity and 
the development of noncommunicable diseases [6]. The children’s intake of 
discretionary foods and beverages was low at baseline and relatively low at the 
follow-ups in this present study, which is also seen in other Norwegian studies of 
young children [21, 22, 107]. The potential of reducing a low intake is limited, 
and no difference between the groups was detected. If the Food4toddlers 
intervention affects the intake of these kinds of foods, we may have to look for 
longitudinal results where the participants potentially include less discretionary 
foods in the diet as the child grows older. However, with no short-term effects in 
this intervention, the potential to measure significant long-term effects may be 
scarce [122]. Nevertheless, even small differences may be beneficial from a 
public health perspective despite no significant results when measuring through a 
questionnaire. Positive changes and healthy habits in the early years can be 
beneficial regarding the entire lifespan [1]. 
The Time2bHealthy study [121] targeted children older than toddlers and 
excluded children with a low BMI, and found beneficial intervention effects for 
discretionary foods. The intake of these foods tends to be higher as the child 
grows [21, 22]. Even though the message about a low intake of discretionary 
foods is important from an early age, an effect is more likely to be detected if 
there is more variation in the intake and if the participant finds the message 
relevant [149], which may indicate that a focus on this type of foods is more 
appropriate in interventions targeting children older than toddlers.  
If the child is overweight, there is a tendency for the mother to be overweight and 
for the child to have a high intake of unhealthy food [278]. The Smart Mums 
study recruited overweight mothers [125] and focused on reducing the sugar-
sweetened beverage (SSB) intake of both mother and child. They found a 
reduction in the unhealthy intake among the children and also a reduction in 
maternal BMI. A review of SSB interventions (both traditional and eHealth) 
found that recruiting vulnerable populations and having a special focus solely on 
SSB, as in the Smart Mums study, were success factors in these kinds of 
interventions [279]. Other success factors were to use multiple strategies (e.g., in-
person and digital), interventions in child care settings, and a high contact time 
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[279]. Few of these factors were incorporated in our intervention and may 
explain the lack of intervention effect for discretionary foods.  
A more varied group of participants, including parents with lower education 
levels, might have yielded more intervention effect on both discretionary foods 
and fruit due to the potential lower adherence to dietary guidelines among 
parents with lower academic levels [23]. However, despite the homogeneous 
group of parents, there was still an effect in the Food4toddlers intervention. 
Other dietary outcomes  
As a supplement to this thesis to complement dietary results in paper III, we 
elaborated crude effects of the intervention by testing differences between 
control and intervention groups for additional food groups. We saw no 
differences between the groups. The lack of intervention effect for meat, potato, 
bread (in general) and industrial made porridge, is not surprising because we did 
not have a specific focus on these foods, and they are not specifically defined as 
either healthy or not healthy.  
5.2.3. How the intervention website was perceived and used  
In order to evaluate how the Food4toddlers intervention was perceived and used, 
we conducted a process evaluation by examining the parents' usage and 
perceived satisfaction of the website and explored whether this differed 
according to education level and the number of children in the household. The 
Internet is an important channel for information regarding child health for parents 
[154]. A critical barrier for parents, however, is to decide which sources to trust 
[155]. By accessing the Food4toddlers website the parents received evidence-
based and theory grounded information about children’s diet and a healthy food 
and eating environment. The website was used by most intervention participants 
(86.5%), and the mean days of access was above seven. We did not manage to 
engage all participants, which is a known challenge but still a weakness of our 
study. Probably are the first contact at the start of the intervention essential when 
the app or website is introduced the first time. The Swedish MINISTOP study 
[128], which had good adherence, contacted the participants two days after 
introduced the app to provide the participants with information about, e.g., using 
and installing. This contact most likely heightened adherence. The 20 push 
notifications in our study probably contributed to increasing the number of 
access days, as confirmed by several studies, though how often and when to send 
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them is not unambiguously described in the literature [217, 280-282]. Sending a 
notification once a week as we did is probably an acceptable average, however, 
sending extra emails to non-responders, as was done in the MINISTOP study, 
might be a good addition [282]. Better adherence might have occurred if we had 
used SMSs instead of emails for push notifications, as preferred by a sample of 
Australian parents [283], as well as delivering short reminders (“booster 
sessions”) after the end of the main content of the intervention [284]. These types 
of reminders can easily be incorporate in an eHealth intervention. 
The participants reported that the website was appropriate to the child’s age and 
easy to understand (86–93%). The text was written in such a manner as to be 
easy to understand, and the content was designed to avoid misinterpretation by 
the participants, which is recommended [159] and may explain the positive 
results. The content was also regularly expanded with age-specific themes, which 
parents suggested as important for engagement [148]. Personal tailoring, 
including contact with, e.g., a dietitian, or digital alternatives based on personal 
delivered data, is preferred by participants and tends to increase adherence [115, 
148]. More tailoring might have contributed to a higher adherence and stronger 
effect of the Food4toddlers intervention, leaving digital tailoring as the best 
option for a large population.  
The recipes were valued as the essential part of the website, while the cooking 
videos made for the recipes were not highly valued. The importance of including 
recipes in these types of interventions is convincing, though written text alone 
may suffice. It is also possible that videos perceived as more suitable than ours 
would have had a more positive effect. 
Most of the participants in the intervention group appreciated the interface and 
layout of the website (56–63%). These numbers indicate, however, that there 
remains potential for improvement. More qualitative elements in the 
development phase, such as usability testing in a lab might have contributed to a 
better interface and layout in our study, e.g., some Norwegian researchers 
conducted lab tests of how the participants technically used the website (e.g., 
tracking eye movement), followed by discussions with the test subjects [285]. It 
is worth noting that the majority of participants reported that they learned 
something new from the intervention (61%), which indicates that the content was 
delivered appropriately.  
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Differences in how the intervention was perceived according to 
education levels 
The educational characteristics of the sample led us to set a high cutoff between 
the education levels. The participants with at least four years of higher education 
used the intervention more than those with lower education levels. The same 
gradient in use was also seen in the Growing Healthy study [129]. In the Early 
Food for Future Health study, no such differences were observed [107]. The 
great use of videos in the Early Food for Future Health intervention is the main 
difference with regard to the Food4toddlers intervention. Videos may be 
especially beneficial for the lower educated participants and contribute to higher 
adherence from this group, but this depends on the quality of the videos [217].  
The different cutoffs for high and low education levels prohibit direct 
comparison with other studies. The highest educated parents reported that they 
learned more from the intervention than did lower educated parents. Their higher 
engagement may be the reason for this, or it may be that the content was more in 
line with their beliefs and values [148]. The highest educated parents tend to 
have a higher level of health literacy than others, making it easier for them to 
understand and adopt the content [150, 152, 153]. Our findings are not positive 
from a public health perspective, because they indicate that the intervention may 
increase the socioeconomic divide. The high education level may compromise 
our findings' generalizability, and a more varied sample in other studies indicates 
more variety in the results [17, 23]. Our results indicate that there are also 
differences in the gains of health-related information within those groups with 
higher education levels; However, there is a large standard deviation in the 
results, which lowers the results reliability. As sensitivity tests (Mann-Whitney-
U tests) were conducted, and these findings were in line with the reported results.  
Differences in how the intervention was perceived according to the 
number of children in the household 
Not surprisingly, parents with more than one child (multiparous) used the 
website less frequently than households with one child (primiparous). 
Multiparous parents may have more knowledge and higher self-efficacy 
regarding parenthood and feeding, and as these factors increase, program 
attendance appears to diminish [148, 286]. Some of the intervention content was 
probably familiar, and everyday life busier with more children at home, resulting 
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in less engagement and time for access. These suggestions are confirmed in a 
process evaluation of the Growing Healthy Program [217]. Sensitivity tests 
conducted (Mann-Whitney-U tests), did not support the significant result, which 
lower the reliability of the results as does a large standard deviation. Due to the 
distribution of the dependent variable, the Mann-Whitney-U test might have been 
the preferred measure in this analysis. 
The use of the discussion forum 
Few of the parents engaged in the discussion forum (8). A Facebook group might 
have been better suited due to Facebook's high daily use in general [101]. Parents 
in another study considered a Facebook group to be a comfortable environment 
for discussion [217]. Nevertheless, there was little interaction between the 
participants in the Facebook groups in the same study. Allowing participants to 
first meet physically in groups and then make interactive online groups tends to 
contribute to more interaction [286]. A discussion forum might not be worth the 
effort to incorporate in a website due to the potential low attendance.  
 
5.3. Lessons learned and future implications 
Glanz et al. state that “the best theory is informed by practice; the best practice 
should be grounded in theory,” and to do so, theory-based interventions have to 
be performed and evaluated [82]. Health and nutrition information on the Internet 
has escalated in recent years, both in amount and as to how important it is for 
parents [107, 146, 147]. Dietary interventions targeting young children through 
their parents hold significant promise, but there is still a lack of knowledge on 
how the results can be achieved and retained [287, 288]. The design of new 
studies should have a longer perspective within a life-course framework 
including long-term follow-ups, reach out to a larger population and require high 
quality in all parts of the interventions development and implementation [288].  
The Food4toddlers study contributes with evidence to the field by delivering a 
trustworthy, solely digital tool targeting toddlers. Future studies should 
emphasize how information about nutrition should be provided and ensure that 
the tools are easily available and accessible for parents. In all parts of the 
development and implementation phase, users, in particular fathers and parents 
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with low education levels, should be engaged as co-creators in order to make the 
tool as appropriate as possible.  
Kohl et al. [211] address the need for more research on effective elements instead 
of effective interventions, with an emphasis on long term effectiveness. The 
positive intervention results for vegetable consumption indicate that some 
elements from our interventions concerning vegetable intake should be carried 
forward. Toddlers may benefit especially from interventions targeting vegetable 
consumption and maybe leaving the focus on discretionary foods to older age 
groups or vulnerable groups, especially in the Norwegian and other similar 
cultural settings. 
There is a need for more comprehensive research on how to reach and 
incorporate low educated groups and fathers in dietary eHealth interventions. 
From this study we see that Facebook has limitations as a recruitment arena, 
reaching mostly highly educated mothers. Other types of tailoring on Facebook 
or other Internet channels (e.g., YouTube) might be considered for recruitment. 
The work of Snuggs et al. [252] highlight the distinctions between motives for 
buying food and motives for serving food to the family. With this in mind, 
interventions in the future can be more precise in targeting the most important 
behaviors. A further natural step from this intervention is to continue to identify 
which feeding practices and food choice motives are most important to target in 
parent-focused interventions and how they interact with each other.  
5.4. Ethical consideration 
In all research involving humans, the researchers should try to avoid the risk of 
causing harm and ought to try to contribute positively [289]. Children, and in 
particular young children, are a vulnerable group in scientific research. 
Therefore, all aspects of participating parents' involvement should be carried out 
with specific caution, avoiding any harm to the children. The Food4toddlers 
study was carried out in line with the Helsinki Declaration [290], and research 
clearance was obtained from the Norwegian Centre for Research Data, 
08/06/2016, reference 48643.  
Recruitment to scientific studies through Facebook has increased dramatically in 
recent years and is an effective and cost-efficient recruitment arena for health, 
medical, and psychosocial studies [206]. Specific guidelines for recruitment in 
social media were scarce when we started recruiting for this study in 2016 [291], 
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and guidelines are still lacking or unknown for decision-makers, according to 
Hokke et al. [209]. Therefore, researchers interpret traditional ethical guidelines 
when using social media, which has shown to be problematic because the 
researchers and decision-makers are often unfamiliar with technical possibilities 
and benefits and are unaware of the risks and limitations [209]. The participants 
in the Food4toddlers study were recruited through Facebook; however, no 
personal information was stored on Facebook, but only on the university's 
recruitment system, which undergoes strict safety routines. The further collection 
of data was treated with confidentiality, and all contact with parents was done in 
a respectful manner [289]. Informed consent was obtained from all parents when 
they chose to sign up for participation, and an information sheet about the study 
was made available to them (see Appendix 1). Great emphasis was placed on 
providing this information understandable and precise. 
The advice provided on the website was in line with national guidelines and 
updated research. Offering access to an eHealth intervention such as the 
Food4toddlers website is not likely to have adverse, negative, harmful, or 
disadvantageous effects [292]. The participant burden is low in such 
interventions, and the child is indirectly affected by potentially living in a more 
health-promoting environment, and which may lead to better health later in life 
[31]. However, even though the intervention's messages were constructed so as 
not to cause any harm, the child may, e.g., be negatively affected by the 
particular focus on repeated exposure and feel pressure if they refuse over time. 
Parents may be ashamed if they do not feel they fulfill the parent role, and they 
may perceive the website as “another task to accomplish,” which may contribute 




Our findings support the use of eHealth interventions as an avenue for supporting 
parents in their children's dietary upbringing.  
Through making the parents aware of dietary determinants and encouraging them 
to create a healthy food and eating environment for their child, child diet was 
slightly improved in the intervention group. The children of parents who received 
access to the Food4toddlers website had a better trajectory of vegetable 
consumption than those in the control group. No intervention effects were seen 
for other food groups. The low number of participants included lowers the 
robustness of the results.  
Parents’ own motives for selecting food were mostly not related with children’s 
fruit and vegetable intake, except that selecting food for health reasons was 
positively associated with children’s vegetable intake. Health-promoting feeding 
practices explained some of the associations between the parents’ food choice 
motives (health and sensory appeal) and child fruit or vegetable consumption. 
However, the effect sizes were small. These findings contribute to a more 
detailed understanding of interactions between elements in children’s food and 
eating environment and their diet and may help guide the development of 
successful prevention programs. 
We found that most participants used the intervention website during the 
intervention period and found it relevant and useful, however, we did not manage 
to engage 13 % of the participants. Parents with more than four years of 
university education reported that they used and learned more from this 
intervention than those with lower education levels.  
The evidence of a positive intervention effect of the Food4toddlers intervention 
may encourage similar public health interventions targeting parents of toddlers 
and be important in a public health perspective if scaled to be implemented in the 
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Abstract
Background: Eating habits are established during childhood and track into adolescence and later in life. Given that
these habits have a large public health impact and influence the increasing rates of childhood obesity worldwide,
there is a need for effective, evidence-based prevention trials promoting healthy eating habits in the first 2 years of
life.
The aim of this study was to develop and evaluate the effect of an eHealth intervention called Food4toddlers,
aiming to promote healthy dietary habits in toddlers by targeting parents’ awareness of their child’s food environment
(i.e., how food is provided or presented) and eating environment (e.g., feeding practices and social interaction). This
paper describes the rationale, development, and evaluation design of this project.
Methods/design: We developed a 6-month eHealth intervention, with the extensive user involvement of health care
nurses and parents of toddlers. This intervention is in line with the social cognitive theory, targeting the interwoven
relationship between the person, behavior, and environment, with an emphasis on environmental factors. The
intervention website includes recipes, information, activities, and collaboration opportunities. The Food4toddlers
website can be used as a mobile application. To evaluate the intervention, a two-armed pre–post-follow-up
randomized controlled trial is presently being conducted in Norway. Parents of toddlers (n = 404) were recruited
via social media (Facebook) and 298 provided baseline data of their toddlers at age 12 months. After baseline
measurements, participants were randomly allocated to an intervention group or control group. Primary
outcomes are the child’s diet quality and food variety. All participants will be followed up at age 18 months, 2
years, and 4 years.
Discussion: The results of this trial will provide evidence to increase knowledge about the effectiveness of an
eHealth intervention targeting parents and their toddler’s dietary habits.
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Background
It is acknowledged that long-term health has an early
developmental origin [1, 2]. The period from conception
until 2 years of age, “the first 1000 days of life”, is recog-
nized as a critical period for growth and development as
the developing child adapts both metabolically and be-
haviorally to its nutritional and overall environment via
gene expression and epigenetic mechanisms [3, 4]. Given
that an unhealthy diet is one of the key risk factors for
overweight, obesity, and other related noncommunicable
diseases (NCDs) [5], diet quality during these formative
years may strongly influence the child’s life-long health
trajectory [6].
In Norway, as in other countries, unhealthy dietary
patterns characterized by low intake of fruits and vegeta-
bles and high intake of non-core foods and beverages,
are observed among toddlers [7–11]. In addition, at 12
months of age, about 80% of Norwegian children eat
commercial baby food, with the main food intake for
more than 15% of children aged 24months still coming
from jarred foods [12, 13]. Furthermore, studies have
shown unhealthier dietary patterns in young children
from families with lower socioeconomic status (SES)
than those with higher SES [14–16]. There is a social
gradient in child diet quality disfavoring the long-term
health of children with lower SES [16, 17].
Parents are the gatekeepers of foods served during the
first years of life and they have a unique role in shaping
their child’s dietary behavior [18, 19]. Dietary preferences
(likes and dislikes) and food habits established early on re-
flect to a large extent parental feeding practices, such as the
type and variety of foods offered during the first 2 years of
the child’s life [18]. Early dietary habits have been shown to
track to later in childhood and adulthood [7, 20]. Fostering
healthy dietary habits is therefore crucial to long-term
health and obesity prevention [20]. Whether healthy or un-
healthy dietary preferences are established depends on
what, when, and how the child is fed [18]. To promote the
internal regulation of energy balance, parents should be re-
sponsive to a child’s hunger and satiety cues during meals
and feeding [21, 22]. One-year old children are capable of
eating foods consumed by the whole family, and the devel-
opment of self-feeding skills should be encouraged in this
period [23].
Parental feeding practices are influenced by nutrition
knowledge, family meal practices, and overall food
preparation and parenting skills [24]. Non-responsive
feeding (i.e., excessively controlled feeding, indulgent
feeding, or uninvolved feeding) has been linked to
childhood obesity [25]. Campbell and Crawford [26]
identified several factors in the family environment to
be important for children’s diet, including parental food
preferences and beliefs, children’s food exposure, role
modeling, media exposure, and child–parent
interactions around food. In another study, those au-
thors demonstrated several aspects of the family’s food
environment (e.g., TV viewing and shared meals) to be
associated with child dietary characteristics that are
likely to promote fatness [27].
Lobstein et al. [28] claimed that the food environment
is the leading factor driving obesogenic behaviors. The
food environment refers to factors that directly relate to
how food is provided or presented such as its salience,
structure, packaging or portion size, and how it is served
[29]. The food environment is further divided into mac-
ro-scale (e.g., food shopping outlets) and micro-scale
(e.g., home environment). The eating environment refers
to factors that are independent of foods, such as social
interactions around meals, atmosphere, and the time of
day that meals are eaten [29]. Roberto and Kawachi [30]
found that many of people’s daily eating habits are
guided by default options, e.g., large portion sizes in res-
taurants. According to Roberto and colleagues [31],
current food environments exploit our biological, psy-
chological, social, and economic vulnerabilities by mak-
ing it easier to access and eat unhealthy non-core foods
that either increase overall energy intake or replace
healthy core foods in the diet. In-store environmental
factors (e.g., the placement of healthy foods) influences
parents’ choices when shopping [32]. The food industry
produces jarred food, squeezable fruit pouches, and baby
porridge for children up to the age of 24 months and
older that are often packed in colorful, attractive wrap-
pings and marketed as a healthy choice. These high-cost
products are often strategically placed in the store.
These foods are unnecessary for toddlers and do not
meet the child’s need for different texture, flavors, and
dietary variety [33]. Addressing awareness of how both
the macro- and micro-scale food environments affect
choices regarding foods and feeding is important, to help
parents make more informed choices.
Although interventions at early ages are decidedly
needed, they are scarce [34–37]. Two dietary interven-
tion trials in Australia have addressed the parental role
in shaping healthy eating environments for young
children [22, 38]. The cluster-randomized INFANT
study focused on parenting skills related to diet and
physical activity in children aged 3–18 months, and re-
sulted in lower consumption of sweet snacks and less
daily television time [39]. The NOURISH trial, a
community-based intervention targeting early parental
feeding practices in 4- to 16-month old children [22], re-
ported higher use of protective feeding practices condu-
cive to the development of healthy eating patterns and
healthy growth in the intervention group compared with
the control group [40]. To our knowledge, no studies
have applied eHealth approaches targeting diet in young
age groups via the parents [34, 35, 41].
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Interventions using smartphones and computers have
a high potential to reach a large number of people, in-
cluding those with low SES. Such interventions are
cost-effective, flexible, have a low participant burden,
and may be more visually appealing and engaging [42].
Therefore, we developed an eHealth intervention called
Food4toddlers, with a mobile application (app) version
for use with a smartphone.
Objectives and outcomes
The aim of this study was to develop and evaluate the
effect of an eHealth intervention called Food4toddlers,
aiming to promote healthy dietary habits in toddlers by
targeting parents’ awareness of their child’s food and eat-
ing environments.
Primary outcomes
Primary outcomes of the study are child diet quality and
food variety assessed at baseline and after the
intervention.
Secondary outcomes
Secondary outcomes include the food and eating envi-
ronments conceptualized as: parental feeding practices,
family meal settings (frequency of meals, meal distrac-
tions), food choice, awareness of the food environment
(at home and in the grocery store), availability and ac-
cessibility of food at home, food preparation and plan-
ning, and child weight and length.
Methods/design
Study design
This study is a randomized controlled trial to evaluate
the effect of the Food4toddlers intervention, in which
the intervention group has access to the Food4toddlers
intervention website and the control group does not, see
Fig. 1. Children in the intervention and control groups
receive their usual care at community child health cen-
ters, which normally includes three consultations with a
health care nurse for children between 12 and 18
months of age. The study started in August 2017 and is
ongoing.
Fig. 1 Flow chart of the Food4toddlers study design
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Participating parents complete questionnaires at base-
line, post-intervention (end of intervention, after 6
months), and at two follow-ups (i.e., when their child
turns 2 and 4 years old). The intervention runs in waves,
and the first group started the intervention in September
2017. New groups were started every month through
February 2018.
Study sample and recruitment
The study population comprised children close to 12
months and one of their parents. To be included in
the study, parents had to have a child born between
August 2016 and April 2017 and the parents had to
be literate in Norwegian. Participants were recruited
via Facebook. A short video was launched on Face-
book with a link to the project website containing in-
formation about the project and the opportunity to
sign up. The recruitment period lasted 5.5 months
from mid-August 2017 to January 2018. In total 404
parents were recruited. The month before the child
reached age 12 months, the enrolled parent received
an e-mail with a link to a questionnaire. Three re-
minders on e-mail were sent to non-responders the
following weeks. We included a total of 298 parents
who responded to more than half of the survey
questions. After they had completed the baseline
questionnaire, participants were randomized according
to an SPSS-generated randomization list prepared of
NCØ, of 500 to the intervention and control group
(SPSS version 24.0). The first author was the one who
enrolled participants and assigned participants to the
intervention group and control group. Among the
participants who answered baseline and post interven-
tion questionnaires, ten participants were selected to
receive a gift card of 1000 Norwegian kroners. Demo-
graphic characteristics of the sample are provided in
Table 1.
Sample size was calculated for one of the primary out-
comes, child diet quality. As we have no data on healthy
eating score for the Norwegian toddler population, we
used the data of Angelopoulos and colleagues [43],
which showed a mean healthy eating score of 60.5
among children (SD 9.0). We considered a 3-point dif-
ference in such a score between the intervention and
control groups to be relevant from a public health per-
spective. We calculated that 142 children in each group
would be required to demonstrate statistical significance
with a statistical power of 80% and α of 5%. Assuming
loss to follow-up of 40%, we aimed to recruit 237 par-
ents in each group.





Parents (N = 298) Mother/father/other (n) 144/4/0 148/0/2
Age (year), mean (SD)) 31.5 (4.4)a 31.9 (4.0)
Height, mean kg (SD) 168.7 (6.0) 168.1 (5.9)b
Weight, mean cm (SD) 70.8 (14.3) 71.1 (14.8)b
BMI, mean (SD) 24.9 (4.6) 25.1 (4.8)b
Two adult household (%) 98.0 96.7
Family members (n), mean (SD) 3.60 (1.0) 3.65 (0.87)
Born in Norway (%) 89.2 83.2a
Education a a
Upper-level secondary school or less (%) 12.2 11.4
College/university (≤4 years) (%) 31.3 36.9
College/university (> 4 years) (%) 56.5 51.7
Geographic residence
Northern Norway (%) 4.5 6.7
Central Norway (%) 10.8 10.7
Western Norway (%) 23.0 20.7
Southern Norway (%) 16.2 20.0
Eastern Norway (including Oslo) (%) 44.6 42.0
Child
Age (months (SD)) 10.9 (1.3) 10.8 (1.2)
Girls (%) 46.6 43.3
aone missing, btwo missing
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Theoretical framework
This study was developed using the basic steps from the
Model of Planned Promotion for Population Health,
which recognizes the importance of evidence- and
theory-based intervention planning [44]. The model
builds on the Theory of Planned Behavior [45] and So-
cial Cognitive Theory [46]. Health behavior theories have
had a major focus on cognitive determinants, but newer
models are addressing the relationship between behavior
and environment [47, 48]. As suggested by Brug and col-
leges [44], a focus on how to promote action rather than
mere motivation is emphasized. The present interven-
tion is in line with the social cognitive theory, targeting
the interwoven relationship between the person, the be-
havior, and the environment [49], with an emphasis on
environmental factors. Research suggests that environ-
ments influence us at a basic level of which we are un-
aware and that we do not monitor [29, 50]. In this
project, we aim to make parents aware of how the envir-
onment influences them and render them more con-
scious about the over 200 food choices they make on
behalf of their children throughout their daily routines
[29].
Intervention development and user involvement
With the Food4toddlers intervention, we aim to influ-
ence child diet quality and food variety by targeting the
main caregivers, the parents, and their awareness of the
food and eating environments. The intervention outline
was developed based on a literature review, extensive
user involvement, and in-depth thematic discussions
among the project group. Users in the development
phase were parents of toddlers and health care nurses
who were involved in several steps of the development
of Food4toddlers. The first step in development was to
contact public health nurses to get an overview of the
questions that parents tend to ask about diet and nutri-
tion, potential challenges, and how parents might per-
ceive the potential need for online information. Three
interviews were conducted (one face to face, two by tele-
phone). We further conducted a focus group interview
with health care nurses at their workplace, followed by
an individual telephone interview to further elaborate on
what health care nurses perceived as the most customary
questions asked by parents regarding diet. One of the
nurses worked in a disadvantaged community that in-
cluded a large non-native population with low SES.
Our next step was to invite the parents of toddlers to
a focus group interview to share and discuss the infor-
mation that they were lacking and would find useful for
improving the diet and food environment for their chil-
dren. In total, five focus group interviews for parent
groups were conducted, one at the university, one in a
home setting, and three in settings where parents meet
for other reasons (e.g., baby singing class). Two tele-
phone interviews with mothers were conducted separ-
ately. Both parents attended the interviews conducted in
the home. The remaining interviews were conducted
among mothers only. Approximately 40% of focus group
participants were non-native individuals. The most com-
mon questions and comments in interviews with users
and health care nurses confirmed the main topics that
were already planned for incorporation in the interven-
tion. However, in line with the results of the interviews,
the intervention was changed to include more focus
than originally planned on spicy and exotic foods for the
whole family, the right amount of different foods,
self-eating skills, and family meal settings.
Based on a review of the literature, feedback from
users, and discussions among the project group, the
intervention was framed based upon three concepts:
“the plate” (i.e., the food that is actually offered to the
child), “the house” (referring to food that is available and
accessible at home and parental feeding practices and
food preparing skills), and “the grocery store” (parental
awareness of the influence of environmental cues and
how to make healthy choices).
Website development
A prototype website was developed, and pilot tested with
14 participants in February 2017. The content of Food4-
toddlers was further refined based on this pilot test, rec-
ommendations from health authorities, and updated
research in the field.
The website was developed using NEO Learning Man-
agement System. Two Masters students in Multimedia
and Educational Technology at the University of Agder
created a technical layout of the website, and the project
group produced the content. The information provided
on the website all relates to creating healthy food and
eating environments for toddlers.
The homepage of the website contains an informa-
tional video about the website and information on why
small changes in diet during the early years of a child’s
life may be important in the long term. This page also
gives some practical information on how to navigate the
website and how to use the same information on a
smartphone app. There is no difference in usability be-
tween the website and the smartphone app.
The website comprises four main elements: modules
covering an introduction and seven topics on promoting
healthy food and eating environments for the child, rec-
ipes, a discussion forum, and general information about
food and beverages (the “Good to know” section), as
shown in Table 2. When participants first accessed the
website, not all content of the modules was visible to
them, only the first two chapters. During the interven-
tion period, access was expanded regularly (20 times) to
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include new content on the website; at this time, all the
participants in the same wave received an e-mail with a
link to the newly available information.
Modules
The first module contains information about the website
and the project. The other seven modules contain two
to four chapters. For each chapter, general information
and tips and strategies to promote healthy behaviors are
provided. In addition, one or two recipes, usually the-
matically linked to the topic, are recommended. The
chapters also contains a video about unconscious
choices while shopping [51], a game, eight quizzes, six
explanatory figures, and some links to recommended
websites (e.g., http://www.matportalen.no).
Recipes
Out of a total of 31 recipes, 30 recipes were developed
by three Masters students in Public Health at the Uni-
versity of Agder, in cooperation with the project group
(Table 2). The focus for recipe development was to in-
spire the preparation of healthy meals for the whole
family. The age span covered in the intervention is the
period in which children should be able to eat the same
foods as the rest of the family. The ingredients used
should be available at a local supermarket. It was pos-
sible to print the recipes. For nine of the recipes, short
instructional videos were developed to inspire parents to
prepare the foods and to make the preparation process
easier. The videos lasted from about 1 to 3 min and were
produced by undergraduate students in Multimedia
Technology and Design at the University of Agder.
Discussion forum on the website
It was possible for participants to post questions and
share information (e.g., recipes) with each other on a
discussion forum. A project worker answered questions,
usually within 3 working days. Participants who joined
the same group had access to the same forum.
“Good to know” information
In the interviews with health care nurses and end-users,
some issues about special nutrients and dishes where dis-
cussed, including salt, nitrites, cinnamon, and foreign
foods (such as sushi). We listed information about these
issues together with information on honey, potatoes, food
additives, and cod liver oil. The information given was
based on National Health Authority recommendations.
Behavioral change methods
Several behavioral change methods where included on
the website, to improve the child’s diet through parental
awareness of the child’s food and eating environments
[52]. One method was belief selection. The messages on
the website were designed to strengthen positive beliefs,
weaken negative ones, and introduce new beliefs (i.e.
reinforce the importance of family meals and highlight
the importance of repetition of new foods) that are in
line with the theory of planned behavior [53]. The active
learning method included in this intervention are
activity-based experiences; i.e. use of videos as a way to
enhance cooking skills, as well as different quizzes [49].
Persuasive communication can include messages created
in such a way as to be familiar and not too discrepant
for participants [54]. The importance of small changes
Table 2 Content of the intervention
Title Explanation Concept development
Modules Topics are divided into modules with two to four subheadings
(chapters). One general information module is also available.
1) Introduction to the intervention website with information about recipes,
how to install the website app, and descriptions of the study.
2) The importance of early eating habits and how to interpret food
labeling. A special focus on accessibility, availability, and variety of
healthy food and beverages.
3) How taste develops and the importance of repeated exposures, basic
tastes, and spicy food.
4) Self-feeding skills and children’s ability to self-regulate food intake.
5) Motivation to eat in a healthy way, being a good role model, and use
of rewards.
6) Family meals: meal settings, preparing for meals, and meal composition.
7) Conscious and unconscious choices at home and in stores.
8) The benefits of children’s participation in cooking and encouragement
to try new family dishes.
Recipes A total 31 recipes are presented, 10 of which include an
instructional videoa
Dinner (17 recipes/5 videos),a snacks (7/1), breads and cereals (5/3), and
beverages (2/1).
Forum The forum is divided into two sections: general questions and
recipes.
Participants can ask questions and discuss relevant issues with each other.




Contains information about dietary issues relevant to the
child’s age
Salt, honey, cinnamon, nitrites, potatoes, foreign foods (sushi), additives,
and cod liver oil.
aOne of the recipes with video was retrieved with permission from godfisk.no
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was highlighted on the website, and familiar settings
were discussed (e.g., sitting as a family at the dining
table). As mentioned, not all of the information on the
website was immediately available to participants in the
intervention group from the beginning. Revealing infor-
mation gradually on the website over a span of time can
enhance retention through repetition as well as the level
of interest in and persuasiveness of the information [54].
Modeling is a method that can reinforce the desired ac-
tion [49]. The website features videos with actors, who
are in the same age group as participants, modeling
desired behaviors. Our aim was to highlight barriers and
facilitators and empower parents to make changes in
their environment. The outcome might be that the en-
vironment for the child is created in a way that makes it
easier to take action or reduces barriers to action [49].
Measures and instruments
The primary outcome of this trial is the child’s overall diet
and food variety (Table 3). Parents reported frequencies of
intake of a variety of food normally eaten in Norway. Cat-
egorical scales ranging from 1) “never/less than every week”
to 8) “five times a day” were used for food items from a na-
tional Food frequency questionnair (FFQ) [12] and 1)
“never” to 6) “three times a day” for items from the MoBa
study [55]. The secondary outcomes include parental feed-
ing practices, family meal setting, food choice, awareness of
the food environment, availability and accessibility of food
in the home, food preparation and planning, and child
weight and length. See Table 3 for specification about con-
tinuous and categorical variables. Most of the instruments
used have previously been used in Norway or other coun-
tries and have been validated and in addition, some new
questions were added. The new items about meal distrac-
tion are categorical variables with response alternatives
from “disagree” to “agree” on a five-point scale: i.e. “I often
look at the mobile phone during meals”. To measure the
food environment three different categories of questions
were used. The first type of questions relates to how avail-
able different foods are in the nearby shop and at home (i.e.
fruit or whole grain biscuits) with response alternatives on
a four-point scale from “not available” to “very available”.
The second type of questions are statements on why they
chose the way they do. The parents should respond on a 5
point-scale of “disagree” to “agree” on statements like: “I
buy more if the shop is tidy and neatly organized”. The
third category of questions include where in the house food
is stored (“very accessible i.e. on the shelf”, “accessible i.e. in
a cupboard/freezer/fridge”, “not accessible i.e. stored away
in the basement/freezer/cupboard”). A test-retest was con-
ducted in 2018 among 30 parents in kindergarten respond-
ing to these new questions twice with 2–3 weeks apart to
test the reliability. The results showed a mean correlation
of r = 0,551.
Other variables
The website contains information about which modules
participants have used, how many times they have en-
tered the modules, and the date and duration of each
session. This information will form a part of the descrip-
tive measurements in the study.
Statistical analysis plan
For this protocol paper we present descriptive statistics
of sample characteristics. All analyses were performed
by using IBM SPSS Statistics 25.0.
Intervention effects on child diet, will be examined by
use of mixed models (Linear Mixed Models and Gener-
alized linear mixed models) with time as within factor
(differences between baseline and post-test, follow-up 1,
2 and 3, respectively) and condition (intervention group,
control group) as between-group factor. All models of
pre-post outcomes will be adjusted for baseline values to
account for regression to the mean effects. Using mixed
models allows for use of incomplete data at the different
follow-ups and thereby increase statistical power. We
will present both crude and adjusted results. Interven-
tion effects on both primary and secondary outcomes
will be adjusted for the following variables: parental SES,
BMI and age, and child gender and age (variables known
from previous research to potentially confound such as-
sociations). To examine potential moderating effects
such as parental SES (lower versus higher education
level), a three-way interaction effect (time*condition*mo-
derator) will be investigated for each outcome. As loss
to follow up is expected, loss to follow-up-analyses will
be performed, analyzing those lost to follow up com-
pared to those remaining in the study. This will be done
to identify if there are characteristics specific of those
lost to follow up important to interpret the results.
The data will be stored securely on a password-protected
computer with no connection between the data and per-
sonally identifiable information. The data will be available
after project completion.
Discussion
With increasing interest in and use of eHealth programs
in health promotion, it is a high public health priority to
determine what works best and in what context. For
health promotion programs to be successful, it is sug-
gested that interventions should be based on theory, in-
clude end-users and stakeholders, and have a
randomized controlled design to establish effect.
This study protocol of the Food4toddlers intervention
describes a randomized controlled trial targeting an im-
portant time span when the child’s preferences for food
and eating habits are being established. Our project is in
line with The Global Action Plan for the Prevention and
Control of NCDs, focusing on early childhood
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intervention, and alerting and empowering parents in
their role as gatekeepers of their child’s diet [56]. We ex-
pect that the intervention will provide parents with prac-
tical tools and make them more conscious of their
child’s food and eating environments.
Laws and colleagues [57] compared three recruitment
strategies in recruiting pregnant women or mothers with
infants for an mHealth intervention; they found Face-
book to be the best strategy. This is in line with the find-
ings of a Norwegian eHealth study recruiting parents
with children aged 3–5 months [58]. Facebook was the
only recruitment tool used in Food4toddlers which
might have a potential to recruit more low SES parents
than other recruitment ways [57]. It was not very easy to
recruit for this study as evidenced by a lower number of
participants than initially aimed for. Because most par-
ents with toddlers in Norway have already returned to
work after having completed their maternity (or pater-
nity) leave, we assumed that it would be more difficult
to recruit for this study than for studies of younger aged





Measure Instrument When to
collect
PRIMARY OUTCOME
Child’s diet PSO, IC Overall diet Food
Variety (Continuous)
Food intake (core-and non-core
foods) Healthy eating index
FFQ based on nationwide Norwegian
diet survey among 12-month-old chil-








SSO, IC Food neophobia
(Continuous)
Rating the child’s willingness to
try new foods










infant cues. Feeding attitudes,
practices, perceptions or
concerns about weight
Comprehensive feeding practices [62,
63]
SSO, IC Food neophobia
(Continuous)
Rating the parent’s willingness
to try new foods
The food neophobia scale [61]
SSO, IC Self-efficacy
(Categorical)





SSO, IC Frequency of shared
meals (Categorical)
Frequency of meals and meal
distractions
Questionnaires from the nationwide
Norwegian diet survey among 12-
month-old children [12] and items de-










what influences food choice
FCQ [65] SCQ: some elements made for
this study, are based on theory of
Wansink [51], and additional items






SSO, IC Availability and
accessibility of food
(Categorical)
Availability and accessibility of
non-core and core foods
Food preparation and planning
Questions developed for this study and
items from Helland and colleagues [66]
SSO, IC Meal management and
food coping strategies
(Categorical)
Self-efficacy related to meal
management and food coping
strategies







Height and weight Self-reported, but measured at










Height and weight Education,
occupation and food intake
Self-reported on questionnaire and
simple FFQ [12]
Website use IC Use of website by the
intervention group
Usefulness and usability Questions developed for this study, but






Abbreviations: PSO primary study outcome, SSO secondary study outcome, IC intervention component, SC study covariate, FFQ food frequency questionnaire, FCQ
food choice questionnaire, SCQ shopping choice questionnaire
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children [58]. The time period from the participants
signed up for recruitment (child age 7–12 months) until
the baseline questionnaire was sent out, was up to five
months, since the age of the child had to be 12months
at baseline. This might be one reason why there was a
loss of participants from recruitment to baseline
assessment.
Even though both fathers and mothers were invited to
participate, only four fathers completed the baseline
questionnaire. This is in line with respondents in other
family-based interventions [59, 60]. The mother remains
the main influence on the child’s diet [10] and can more
easily engage in traditional non-technological interven-
tions. Nevertheless, we had hoped that fathers would be
engaged in this project as it uses an eHealth approach.
The anthropometry measures were self-reported in this
study. Measures by i.e. research staff would have in-
creased validity of these data, but that was not possible
in this study due to participants in all counties of
Norway.
The findings of this study will enhance the under-
standing of how parents of toddlers access, use, collabor-
ate with others, and engage in an eHealth intervention.
The benefits of participating in the intervention group
include being updated on current information regarding
healthy food and eating environments, and the possibil-
ity of improving their child’s diet quality and subsequent
health. There are no foreseen risks related to participa-
tion in this study.
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Abstract
Background: Parents influence their infants’ diets and are the providers of  healthy foods such as fruit and 
vegetables. Parental motives can influence infant’s diets directly or through parental feeding practices.
Objective: This study aimed to assess the associations between parental food choice motives and infants’ fruit 
and vegetable intakes and to examine whether parental feeding practices mediated these associations.
Design: A total of 298 parents participated in the Norwegian Food4toddlers study. Before the child’s first birthday 
(mean age = 10.9 months), the parents completed an online baseline questionnaire. Five parental food choice mo-
tives were assessed: health, convenience, sensory appeal, price, and familiarity. Infants’ fruit and vegetable intakes and 
three health-promoting feeding practices were also assessed. For each food choice motive and its relation to fruit or 
vegetable intake, three single mediation models were conducted. Mediation effects were examined using MacKinnon’s 
product of coefficients procedure, and bootstrap confidence intervals (CIs) were used for inferential testing.
Results: Higher scores on the motive of health were positively associated with infants’ vegetable intake (τ = 0.394, 
P < 0.001). No other significant associations were found between food choice motives and fruit or vegetable intake. 
The feeding practice of shaping a healthy environment mediated the relationships between health motive and both 
fruit (αβ = 0.067, CI: 0.001–0.146) and vegetable (αβ = 0.105, CI: 0.042–0.186) intakes. The feeding practice of 
encouraging balance and variety mediated the relationships between health motive and vegetable (αβ = 0.085, CI: 
0.030–0.150) intake and between sensory appeal motive and vegetable intake (αβ = 0.047, CI: 0.005–0.103).
Conclusion: High levels of parental health motive are associated with higher infant vegetable intake. Our study 
contributes to understand the structure of parental feeding behaviors that may have implication for nutrition 
interventions targeting parents. 
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Food is fundamental for health, growth, and devel-opment and also plays a central part in the increas-ing childhood obesity rates (1). Eating behaviors early in life track into later childhood and adult life (2–5). Efforts to establish a healthy diet should therefore start early (5, 6).
Popular scientific summary
•  The parental food choice motive of health is associated with higher infant vegetable intake.
•  Health-promoting feeding practices mediate the relationships between the parental food choice mo-
tives of health and sensory appeal and their infants’ fruit and vegetable intakes, and the feeding 
practices of shaping the environment and encouraging balance and variety are the strongest medi-
ators on these associations.
•  The findings contribute to the understanding of parental feeding behaviors.
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Importance of fruit and vegetables
Fruit and vegetables are valuable sources for a wide range 
of micronutrients, fiber, and antioxidants and important 
for growth and development (7, 8). Further, a healthy diet 
rich in fruits and vegetables is known to prevent certain 
cancers and to reduce the risk of cardiovascular diseases, 
diabetes, and mortality (9, 10), and is considered as an 
important part of infants’ healthy dietary patterns and 
diet quality (11, 12). The infant period between 6 and 
12 months, when solid food is recommended to introduce, 
is important for the development of the child’s food and 
eating behavior. Offering a variety of fruit and vegetables 
in this period may be especially important for a higher 
consumption in childhood (2, 13). Still, the fruit and veg-
etable intakes among infants in Norway reported in na-
tional surveys are suboptimal (5, 14).
Parental feeding practices
Parents of infants play a key role in what their children eat. 
They provide food and shape the food and eating envi-
ronment for their children (15–17). The infants are totally 
dependent on the adult according to how nutritious food 
they are provided. Parental feeding practices have been 
shown to be central in the development of obesogenic 
eating behaviors and excessive weight gain in young chil-
dren (18). Relevant parenting practices include both in-
tentional and unintentional behaviors and actions parents 
perform that influence their children’s attitudes, behav-
iors, or beliefs (19).
Several studies have focused on coercive control prac-
tices (also called negative feeding practices) and how they 
affect children (20, 21). Other dimensions, structure and 
autonomy support and promotion, entail practices that are 
positive and promote healthy eating among children, such 
as providing a healthy food and eating environment, en-
couraging balance and variety, and healthy modeling (19). 
These positive practices are of interest in this article.
Vaughn et al. (19) place food parenting practices in a 
large conceptual model, including how parents’ motives 
influence their food parenting practices and their chil-
dren’s dietary intakes. Parental motives can influence a 
child’s dietary intake directly or indirectly through food 
parenting practices (19). When it comes to what kind of 
foods parents buy and serve their children, parents may be 
driven by different motives (e.g. purchasing inexpensive 
foods or pleasure). Most parents have a strong intention 
to both promote healthy eating and create a healthy food 
environment for their children, but there is a tendency for 
these good intentions to not necessarily translate into ac-
tual behavior (22, 23).
To our knowledge, few studies have explored how food 
choice motives act as precursors for parental feeding 
practices. Two studies conducted by Kiefner-Burmeis-
ter et al. (21) and Hoffmann et al. (24) investigated the 
effect of  negative feeding practices on the association 
 between maternal feeding motives and children’s diets, 
but health-promoting feeding practices have not yet been 
examined in relation to this association.
The aim of the present study was to examine the po-
tential associations between parental food choice mo-
tives (health, convenience, sensory appeal, price, and 
 familiarity) and infants’ fruit and vegetable intakes. Fur-
ther, we aimed to examine the potential mediating effects 
of three health-promoting feeding practices (encouraging 
balance and variety, shaping a healthy environment, and 
healthy modeling) on these associations.
Methods
Procedure and participants
This study used baseline data from the Food4toddlers 
randomized controlled intervention study. Food4tod-
dlers is a digital intervention aiming to promote healthy 
dietary habits among toddlers (12–18 months) (25). The 
recruitment period for this study was from August 2017 
to January 2018, and our aim was to recruit 474 parent/
infant dyads (25).
Parents of  infants in Norway were recruited through 
tailored advertisement (i.e. targeting potential parental 
age and interest groups) on social media (Facebook). 
In Norway, 67% of  the population uses Facebook daily 
(26). The Facebook advertisement included a rele-
vant video or a picture and a link to the project web-
site, where the parents received extended information 
about the intervention and had the opportunity to sign 
up. Consent for participation was obtained as part of 
the sign-up process. Participants had to be literate in 
 Norwegian and have a child who was born from June 
2016 to May 2017.
Approximately 1–2 months before the infant’s first 
birthday, those who signed up for the study received an 
email with a link to the baseline questionnaire. Data were 
collected using SurveyXact, an online survey software 
tool. The protocol for the present study was approved by 
the Norwegian Centre for Research Data (08/06/2016, 
reference 48,643) and is in accordance with the Helsinki 
Declaration of 1975, as revised in 2008.
We recruited 404 parents of infants through Facebook. 
One to two months before each infant turned 1 year old, a 
baseline questionnaire was sent to the parents. A total of 
298 (response rate 73.8%) parents who originally signed 
up for the study answered more than half  of the ques-
tions in the baseline questionnaire and were included in 
the present analyses.
Most participants were mothers (98.0%), and the mean 
age was 31.7 years (standard deviation [SD] = 4.2). Most 
parents lived in two-adult households (99.0%), 86.7% of 
the parents were born in Norway and the majority of 
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participants were from Eastern Norway (43.3%), which 
has the densest population. See Table 1 for more details.
Measures
Each participant reported their age, the age of the child, 
the number of persons in the household, the county of 
residence, and their own level of education. These items 
have previously been used and tested in Norway (14). 
The participants also reported whether Norway was the 
country of birth and their own body mass index (BMI) 
(self-reported).
Independent variables: food choice motives
The Food Choice Questionnaire (FCQ) was used to assess 
parents’ motives underlying their selection of food. Devel-
oped by Steptoe et al. (27), the FCQ is widely used and has 
been tested in other context at country and cross-national 
levels (28, 29). For the present study, the questions were 
translated into Norwegian, back-translated into English, 
and adjusted as needed.
The FCQ comprises 36 items grouped into nine fac-
tors (health, mood, convenience, sensory appeal, natu-
ral content, price, weight control, familiarity, and ethical 
concerns), and responses to the original FCQ were on 
a four-point scale (27). Fotopoulos et al. (29) suggested 
using a seven-point scale to elicit a wider range of an-
swers; this approach was used in the present study.
In the questionnaire, participants were asked to rate 
their level of endorsement of statements such as ‘It’s im-
portant to me that the food I eat on a typical day […]’, 
rating each statement from 1 (extremely unimportant) to 
7 (extremely important) (29). The reliability of the factors 
used was tested using Cronbach’s alpha (α).
Five factors were used in this present study (Cron-
bach’s α values presented are for our sample): health 
(e.g. ‘It’s  important to me that the food I eat on a typical 
day  is high in protein’, six items, α = 0.81), convenience 
(e.g. ‘It’s  important to me that the food I eat on a typical 
day is easy to prepare’, five items, α = 0.79), sensory appeal 
(e.g. ‘It’s important to me that the food I eat on a typical 
day looks nice’, four items, α = 0.64), price (e.g. ‘It’s im-
portant to me that the food I eat on a typical day is cheap’, 
three items, α = 0.73), and familiarity (e.g. ‘It’s important 
to me that the food I eat on a typical day is familiar’, three 
items, α = 0.73). These five factors were included in the 
baseline questionnaire for the Food4toddlers intervention 
because they were regarded as important precursors for 
the development of a healthy food and eating environ-
ment for toddlers. The Cronbach’s α values for this study 
were slightly lower than those reported by Pollard et al. 
(30) (except for familiarity) and higher for three out of five 
items (all items except sensory appeal and price) compared 
with the study of  Fotopoulos et al. (29).
We did not perform a full-scale reproducibility study; 
however, in October 2018, the items were tested for repro-
ducibility through a test–retest study at two time points 
(2 weeks apart) with 29 participating parents who did 
not participate in the intervention recruited from several 
local kindergartens. The standardized measure, Pearson’s 
correlation coefficient (r), showed acceptable-to- excellent 
correlations for the factors used (health: r = 0.910; con-
venience: r = 0.933; sensory appeal: r = 0.777; price: 
r = 0.846; familiarity: r = 0.726).
Outcome variables: infants’ fruit and vegetable intakes
Infants’ fruit and vegetable intakes were assessed using 
the Food Frequency Questionnaire, which was pre-
viously used in a nationwide Norwegian diet survey 
among 12-month-old children (14). A validation study 
of  the Food Frequency Questionnaire has been con-
ducted for 1-year-old Norwegian children (31). In the 
questionnaire, parents report their infant’s frequency 
of  consumption of  fruits and vegetables. The question-
naire items include fresh, cooked, or squeezed fruits and 
vegetables, as well as both homemade and commercially 
produced variants.
These items are answered on a six-point scale ranging 
from never to several times a day. In the present study, the 
response options were recoded to reflect times per week: 




Parent filling out the form: mother (%) 98.0
Age in years, mean (standard deviation [SD])a 31.7 (4.2)
Body mass index (BMI), mean (SD)b 25.0 (4.7)
Two-adult household (%) 99.0
Total number of household members, mean (SD) 3.6 (0.92)
Born in Norway (%) 86.7
Education (%)b
Upper-level secondary school or less 11.7
College/university (≤4 years) 33.9







Eastern Norway (including Oslo) 43.3
Children
Age in months, mean (SD) 10.9 (1.25)
Child’s sex: male (%) 55
aThere was one missing case on this variable.
bThere were two missing cases on this variable. 
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never or less than once a week = 0, one to three times a week 
= 2, four to six times a week = 5, once a day = 7, twice a day 
= 14, and three times or more per day = 24.5 (3.5 times/day 
was used in the calculation of this value). Similar recoding 
has previously been used by  others (21, 32–34).
The items included fruits and vegetables normally con-
sumed in Norway (e.g. apples, melons, carrots, and to-
matoes), and there was also the additional item of ‘other 
fruits/vegetables’. The reported weekly consumption 
scores for these items were aggregated into sum scores and 
divided by seven. Results for fruits (11 items) and vegeta-
bles (13 items) showed the daily frequency of fruit and 
vegetable intakes.
Potential mediating factors: parental health-promoting 
feeding practices
Parental feeding practices were assessed using the Com-
prehensive Feeding Practices Questionnaire (CFPQ) (35). 
The CFPQ has 49 items on 12 subscales. All items are 
statements or questions measured on a five-point Likert-
type scale ranging from disagree to agree or from never 
to often. The CFPQ has been validated and tested for 
reliability for parents of children in different age groups 
(35–38), including in the Norwegian context (39).
Of the 12 subscales, five can be considered health- 
promoting feeding practices. We investigated three of 
these (Cronbach’s α values presented are for our sample): 
encouraging balance and variety (e.g. ‘I encourage my child 
to try new foods’, four items, α = 0.47), shaping a healthy 
environment (e.g. ‘Most of the food I keep in the house is 
healthy’, four items, α = 0.68), and healthy modeling (e.g. 
‘I try to show enthusiasm about eating healthy foods’, 
four items, α = 0.67).
The Cronbach’s α values for these subscales were simi-
lar to those reported in another study using the same mea-
surements among parents of 1 year olds (36). As Russell 
et al. did in an Australian study (36), the subscales of two 
health-promoting feedings practices, teaching nutrition 
and involvement, were excluded because of the children’s 
young age.
Statistics
In the preliminary analysis, we examined the potential 
associations between the demographic variables (paren-
tal BMI, age, and educational level) and the exposure 
variables of interest (food choice motives and feeding 
practices) to assess the need to control for demographic 
variables in later analyses. No significant associations 
were found, so no covariates were included.
In the main analysis, we applied the product of coef-
ficients method (40) and tested whether parental food 
choice motives predicted child’s fruit and vegetable in-
takes, as well as whether potential associations were me-
diated by feeding practices. Bootstrapping was performed 
to estimate the 95% confidence intervals (CI) of the coef-
ficients (n = 5,000) (40–42).
Figure 1 shows the investigated associations among 
food choice motives, infants’ fruit and vegetable intakes, 
and potential mediation factors.
The overall associations (path τ) between food choice 
motives (predictor variables) and fruit and vegetable in-
takes (outcome variables) were calculated by regressing 
the outcome variables on each food choice motive (health, 
convenience, sensory appeal, price, and familiarity).
The first test in the product of coefficients method is 
the action theory test, which involves estimating the asso-
ciation between each predictor and the potential media-
tors (path α). Second, the conceptual theory test estimates 
the association between each potential mediator (health- 
promoting feeding practices) and the outcome variables, 
adjusted for the predictor variables (path β). The indirect 
effect was calculated by multiplying the α-coefficient by 
the β-coefficient. Bootstrap CIs (n = 5,000) were used in-
stead of the SOBEL test (which tests the significance of 
Fig. 1. Mediation model of the relations between food choice motives and fruit and vegetable intakes, with three feeding prac-
tices as potential mediation factors. Only single mediations were conducted.
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a mediation effect) to conduct the inferential tests of the 
indirect effects, as recommended by Hayes (42). To esti-
mate the size of the indirect effect (mediated effect), the 
ratio of the indirect effect to the total effect was computed 
by dividing the product of coefficient (αβ) by the over-
all association (τ-coefficient) (43). A sample size of 500 
is recommended for this estimate, but a smaller sample 
size is adequate if  all estimates are statistically significant 
(40). In addition, αβ and τ     ’ should have the same sign (43). 
A significant total effect (path τ) is not a necessary condi-
tion for mediation (42, 44).
All analyses were conducted using IBM SPSS Statistics 
(Armonk, NY: IBM Corp.), Version 25. Hayes’ Process 
3.1 for SPSS (42) was used to perform the single medi-
ation analyses. Data for one person were missing on the 
FCQ items. The analyses that included the FCQ therefore 
included data on 297 participants.
Results
Mean daily servings of fruits and vegetables consumed by 
the infants were quite high at 2.85 (SD = 1.60) and 3.15 
(SD = 1.59), respectively (see Table 2). Food choice mo-
tives and feeding practices are also presented in Table 2.
There were high scores on all measured motives except 
familiarity. In terms of the examined feeding practices, bal-
ance and variety (3.57, SD = 0.46) had the highest score.
Main association between food choice motives and fruit and 
vegetable intakes (path τ)
In our exploration of the relationship between food choice 
motives and fruit and vegetable intakes, only the motive of 
health was significantly associated with vegetable intake 
(τ = 0.394, P < 0.001) (see Table 3). The effect size was 
moderate. No other food choice motives were significantly 
associated with either infants’ fruit or vegetable intakes.
Association between food choice motives and potential 
mediators (path α, action theory)
The results from the single mediation analysis are shown 
in Table 3. The food choice motive of  health was sig-
nificantly associated with all three feeding practices: 
 balance and variety (α = 0.136, P < 0.001), environ-
ment (α = 0.268, P < 0.001), and modeling (α = 0.265, 
P < 0.001). All relationships were in the expected posi-
tive direction, with greater values for health food choice 
motive associated with higher scores on these feeding 
practices. The food choice motive of  sensory appeal 
was also positively associated with balance and variety 
(α  =  0.063, P = 0.023) and modeling (α = 0.126, P = 
0.002). The food choice motives of  convenience, price, 
and familiarity were not significantly associated with any 
of  the feeding practices.
Associations between potential mediators and fruit and 
vegetable intakes (path β, conceptual theory)
As Table 3 reflects, in this single mediation model, path β 
shows the associations between health-promoting feed-
ing practices and fruit and vegetable intakes, adjusted 
for the food choice motives. When adjusted for the mo-
tive of  health, the conceptual theory tests revealed that 
the feeding practice of  environment was associated with 
fruit intake (β = 0.248, P = 0.001), whereas both envi-
ronment (β = 0.391, P = 0.001) and balance and variety 
(β = 0.620, P = 0.002) were related to infants’ intake of 
vegetables.
When adjusted for the other food choice motives (con-
venience, sensory appeal, price, and familiarity), the tests 
revealed that environment was associated with fruit in-
take, whereas all three practices were associated with 
vegetable intake. All statistically significant relations were 
positive, such that greater scores on these feeding prac-
tices were associated with a higher intake of fruits or veg-
etables among the infants.
Mediation effect (path αβ)
The feeding practices of  balance and variety (αβ = 
0.085, CI: 0.030–0.150) and environment (αβ = 0.105, 
CI:  0.042–0.186) mediated the relationship between 
health motive and vegetable intake (Table 3), with a 
small effect size. This means that the association be-
tween health motive and infant’s higher consumption 
of  vegetables was partly explained by the encourage-
ment of  balance and  variety and by the creation of  a 
healthier food environment. The percentage of  the ef-
fect mediated was 21.4% for balance and variety and 
26.6% for environment.
Table 2. Mean and standard deviation (SD) for food choice motives 
(FCQa), health-promoting feeding practices (CFPQb), and infants’ 
fruit and vegetable intakes
Variables Mean SD
FCQ: health 5.15 0.92
FCQ: convenience 5.09 1.08
FCQ: sensory appeal 5.35 0.96
FCQ: price 4.26 1.39
FCQ: familiarity 2.71 1.21
CFPQ: balance and variety 3.57 0.46
CFPQ: environment 3.08 0.78
CFPQ: modeling 3.29 0.69
Fruit intakec 2.85 1.60
Vegetable intakec 3.15 1.59
aFCQ: Food Choice Questionnaire (measured on a seven-point scale 
(1–7), ranging from extremely unimportant to extremely important).
bCFPQ: Comprehensive Feeding Practices Questionnaire (measured on a 
five-point scale (0–4), ranging from disagree to agree or from never to often).
cDaily servings (times/day). 
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Despite the lack of  a direct significant association 
between health motive and fruit intake (see Table  3), 
the feeding practice of  environment (αβ = 0.067, 
CI: 0.001–0.146) emerged as a mediator in this relation-
ship. However, the effect size was small.
No significant association was observed between sen-
sory appeal motive and vegetable intake, but balance 
and variety (αβ = 0.047, CI: 0.005–0.103) and modeling 
(αβ = 0.030, CI: 0.006–0.063) mediated this relationship. 
The effect sizes were again small.
Discussion
The aim of this study was to examine the associations 
between parents’ food choice motives and infants’ fruit 
and vegetable intakes, as well as the mediating effects of 
parents’ health-promoting feeding practices on these as-
sociations. Health was the only motive that was directly 
associated with a higher infant vegetable intake. No 
 motives were associated with fruit intake. The feeding 
practice of encouraging balance and variety mediated the 
association between health motive and vegetable intake 
and the association between sensory appeal motive and 
vegetable intake. The associations between health motive 
and both fruit and vegetable intakes were mediated by the 
feeding practice of shaping the environment. Modeling 
was the only mediator of the association between sensory 
appeal motive and vegetable intake.
Food choice motives and fruit and vegetable intakes
The importance of health as a food choice motive for 
older children has been assessed in other studies, for 
example, two studies of preteens in Nordic countries 
(45, 46), which have shown a pattern similar to that found 
in the present study.
Studies conducted in the United States have reported 
an association between the motive of  health and fruit and 
vegetable intakes among preschoolers (21) and among 
7- to 11-year-old children (24). In the US context, an 
association between the motive of  natural content and 
fruit and vegetable intakes has also been reported among 
preschoolers (21). One study also assessed convenience 
as a motive, finding a negative association of  this motive 
with both fruit and vegetable intakes (24). Roos et al. 
(46) assessed whether food choice motives predicted a 
higher intake of  ‘nutrient-dense food’ (fruits, vegetables, 
berries, and rye bread) among 10- to 12-year-old Finnish 
children. They reported that parental motives of  health 
and nutrient content and sensory appeal were positively 
associated with healthy food intake, and that the motive 
of  convenience was negatively associated with nutri-
ent-dense food intake.
An Australian study targeting parents of 2- to 5-year-old 
children reported a tendency for the motive of health and 
nutrition to be associated with children’s fruit and vegetable 
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liking (22). The parents in the same study rated health and 
nutrition factors as the most important motive when choos-
ing food for their children. Nevertheless, the children’s own 
food preferences and requests influenced the children’s food 
decisions to a larger degree than did the parents’ health mo-
tive. The present research was the first study to assess these 
relationships in infants, and our results are in line with the 
existing literature on the importance of the health motive.
Food choice motives and parental feeding practices
In terms of the direct association between the paren-
tal food choice motives and feeding practices, par-
ents with higher scores on the motive of health in the 
present study also had higher levels of all assessed 
health-promoting feeding practices, indicating the impor-
tance of this motive. It is not surprising that parents with 
an interest in health would use health-promoting feeding 
practices, but previous work has shown that healthy mo-
tives do not always translate into beneficial actions such 
as shaping a healthy food and eating environment for chil-
dren (23). It has been recommended that parents serve 
as positive role models by creating a supportive home 
environment through increasing their encouragement of 
healthy eating, making fruits and vegetables more avail-
able, and incorporating rules to govern eating behavior 
(47, 48). According to Pollard et al. (30), sensory appeal 
(e.g. taste, texture, smell, and appearance) can influence 
which foods a person chooses to buy and consume. In the 
Food4toddlers study, a high parental score on sensory ap-
peal motive was not associated with a higher fruit or veg-
etable intake, but it was associated with two of the three 
health-promoting feeding practices: healthy modeling and 
encouraging balance and variety.
The mediating effect of health-promoting feeding practices
Regarding the mediation effects, balance and variety and 
environment were stronger mediators, compared with 
modeling. The effect sizes were small, but, for both en-
vironment and balance and variety, the mediation effects 
explained more than 20% of the effect of health motive 
on vegetable intake, meaning that these practices partly 
explained the association.
The feeding practice of shaping a healthy environment 
seemed to be an important mechanism between health mo-
tive and the quantity of fruits and vegetables children ate 
(49, 50). Corsini et al. (51) recommended focusing on shap-
ing a healthy environment instead of on restrictive practices 
(i.e. coercive control practices). A recent review on how to 
reduce parents’ provision of unhealthy foods to 3- to 8-year-
old children recommended more research on the effects of 
persuasion, modeling, and environmental restructuring (52).
The other mediator shown to be important in the pres-
ent study was encouraging balance and variety, meaning 
that the parent encourages the child to eat new and varied 
foods and talks positively about healthy foods. A study 
of 3- to 5-year-old children (53) and another study of 
6- to 18-year-olds (48) showed that this type of parental 
encouragement positively influenced both fruit and vege-
table consumption, in contrast to a Norwegian study of 
preteens (50) that did not find balance and variety to be 
associated with either fruit or vegetable consumption.
Healthy modeling may contribute to higher fruit and veg-
etable intakes (54). However, in the present study, healthy 
modeling did not mediate the associations  between food 
choice motives and fruit and vegetable intakes to the same 
degree as the other examined feeding practices. The young 
age of the children in our study may explain the lack of 
mediating effects for this practice because very young chil-
dren may not recognize what their parents eat or take notice 
of the link between their parents’ engagement with healthy 
foods and the food offered to the children.
The assessed feeding practices mediated the associa-
tions between food choice motives and vegetable intake 
to a larger extent than they did the associations with fruit 
intake. This supports the notion that fruits and vegeta-
bles should be treated as separate entities in new inter-
ventions, as recommended by Glasson et al. (55) and 
Appleton et al. (56). 
To our knowledge, the present study was the first to 
explore the associations between food choice motives, 
health-promoting feeding practices, and fruit and veg-
etable intakes in this age group. Two studies conducted 
in the United States (21, 24) explored the same overall 
constructs (feeding motives, child’s diet, and parental 
feeding practices), but these studies examined negative 
feeding practices, other diet outcomes, and only two food 
choice motives in each article (compared with the five 
treated in the present study). The results of  these stud-
ies were not consistent. Their first study showed that the 
children (aged 3–6 years) of  parents who used negative 
feeding practices were often more likely to eat unhealthy 
foods, despite their parents’ healthy feeding motives (21). 
The second study found that children (aged 7–11 years) 
whose mothers emphasized health motives consumed 
more healthy food and less unhealthy food; however, in 
contrast to the results of  the first study, negative feeding 
practices did not mediate the associations in this second 
study (24). The children’s age difference between the two 
studies may explain the different results. The children in 
both studies were older than those in our study. Because 
dietary habits are established early and track into adoles-
cence, focusing on the youngest age groups is important 
from a public health perspective.
Strengths and limitations
A potential strength of this study is that, by using social 
media (Facebook) as a recruitment channel, participants 
from the entire country (57) could be included, and we 
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were able to reach a relatively large sample of children 
born in a restricted time frame. Additionally, the ques-
tions used in the study were validated and reliability tested 
and have been widely used in other studies. Finally, the 
study is particularly important because there is a lack of 
studies on this young age group (28).
An important limitation of this study involves its 
cross-sectional design, which hindered causal interpreta-
tion of the findings (58). Some questionnaires were, un-
fortunately, not fully answered, probably because of the 
length, and we included those who had answered more 
than half  of the questionnaire. We wanted to recruit a 
broad spectrum of parents using Facebook, which is 
known to be an effective recruitment arena (59). However, 
not reaching non-users of Facebook is a limitation in our 
study. The aim was to reach more fathers and parents with 
low Socioeconomic status (SES)  than would otherwise be 
possible; however, the majority of people recruited were 
mothers (98.0%) with high SES. It is not known whether 
the findings would have been different if  more fathers 
had participated. It is possible that using video services 
(such as YouTube), as recommended in a recently pub-
lished Norwegian study (60), would have been a better 
approach. Another potential limitation is that parents 
may have reported a healthier lifestyle than they actually 
followed because they may have been ashamed of some of 
their choices, as has been seen in comparable studies (61). 
Regarding the generalizability of our findings, partici-
pants were more highly educated, compared with national 
figures (62). In addition, the included parents were more 
likely to be especially interested in health and nutrition is-
sues because they initially responded to the advertisement 
on Facebook. A more representative study sample might 
have given different results according to infant diet, which 
studies in Europe (63) and Australia (64) have indicated. 
Finally, our findings contribute to the knowledge of pa-
rental determinants (or predictors) of fruit and vegetable 
consumption among infants, but they should not be gen-
eralized to other age groups.
Conclusion
Our results confirm previous findings on the importance 
of health motives for infant and children’s vegetable con-
sumption. We also see that the health-promoting feeding 
practices assessed mediate associations between some 
food choice motives (health and sensory appeal) and fruit 
and vegetable consumption, but not to a large degree.
Health-promoting feeding practices may mediate as-
sociations between parental characteristics other than 
food choice motives, such as knowledge, attitudes, and 
general parenting style, and infants’ fruit and vegetable 
intakes. Such associations should be examined in further 
studies to identify which feeding practices and potential 
predictors of these feeding practices should be targeted in 
interventions to enhance the intake of fruits and vegeta-
bles among infants and toddlers.
Our results contribute to understand the underlying 
motives of parental feeding behaviors in this age group. 
The results may be different investigating older children 
because, for example, the family interaction and tastes 
changes by age. Continuing to study the interplay between 
infant’s food intake and parents’ motives and practices 
about healthy and unhealthy eating behaviors is an im-
portant endeavor.
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Background: In Western countries, children’s diets are often low in fruits and vegetables and high in 24 
discretionary foods. Diet in early life tends to track through childhood and youth and even into 25 
adulthood. Interventions should, therefore, be delivered in periods when habitual traits are 26 
established, as in toddlerhood when children adapt to their family’s diet.   27 
Objectives: In this study, we assessed the effect of the Food4toddlers eHealth intervention, which 28 
aimed to enhance toddlers’ diet by shaping the food and eating environment.  29 
Method: The Food4toddlers randomized controlled trial was conducted in Norway in 2017/2018. 30 
Parent-child dyads were recruited through social media. In total, 298 parents completed an online 31 
questionnaire at baseline (child age = mean ± SD: 10.9 ± 1.2 months). Post-intervention 32 
questionnaires were completed immediately after the intervention (follow-up 1; child age = mean ± 33 
SD: 17.8 ± 1.3 months), and six months after the intervention (follow-up 2; child age = mean ± SD: 34 
24.2 ± 1.9 months). The intervention is guided by Social Cognitive Theory, targeting the linked 35 
relationship between the person, the behavior, and the environment. The intervention group (n = 36 
148) got access to the Food4toddlers website for six months from baseline. The website included 37 
information on diet and how to create healthy food and eating environment, activities, recipes, and 38 
collaboration opportunities. To assess intervention effects on child diet from baseline to follow-up 1 39 
and from baseline to follow-up 2, we used generalized estimating equations (GEE) and a time by 40 
group interaction term. Between-group differences in changes over time for fruits, vegetables 41 
(frequency and variety), and discretionary foods (frequency) were assessed.  42 
Results: At follow-up 1, a significant time by group interaction was observed for the frequency of 43 
vegetable intake (p = 0.02). The difference between groups in the change from baseline to follow-up 44 
1 was 0.46 vegetable items/day (95% CI = 0.06, 0.86) in favor of the intervention group. No other 45 
significant between-group differences in dietary changes from baseline to follow-up 1 or follow-up 2 46 




by time from less than one item/week at baseline to more than 4 items/week at two years of age 48 
(p<.001) regardless of groups.  49 
Conclusion: A positive intervention effect was observed for the frequency of vegetable intake at 50 
follow-up 1, but not at follow-up 2. No other in between group effects on diet were observed. 51 
eHealth interventions of longer duration, including reminders after the main content of the 52 
intervention is delivered, may be needed to obtain long-terms effects, along with tailoring in a digital 53 
or a personal form.   54 
Keywords: toddler, child, eHealth, intervention, RCT, fruit, vegetable, discretionary food 55 
Trial registration 56 
https://doi.org/10.1186/ISRCTN92980420 Registered 13 September 2017.  57 
Background 58 
What toddlers eat is crucial for their health and growth, and in several western countries, young 59 
children do not meet dietary guidelines. A specific challenge is the low intake of fruits and vegetables 60 
and the high intake of sugar-sweetened beverages and snacks [1-4]. An unhealthy diet early in life 61 
increases the risk for overweight, non-communicable diseases, and certain cancers [5, 6].  62 
The World Health Organization’s (WHO) report on ending childhood obesity [5] recommends that 63 
appropriate and context-specific nutrition information should be easily available for specific target 64 
groups and be delivered in ways that are perceived meaningful for the users. WHO argues that such 65 
information is specifically relevant for parents of infants and toddlers. Diet in early life tends to track 66 
through childhood and youth and even into adulthood [5, 7]. Interventions should, therefore, be 67 
delivered when healthy habitual traits are established in the early years, and one of these periods 68 




Parents are the primary gatekeepers of child diet in this period [11, 12]. To date, few studies 70 
assessing the effect of dietary interventions targeting young children through their parents have 71 
been undertaken [13, 14]. Internet is a popular source for health information among parents, and 72 
parents report a need for trustworthy, evidence-based, and highly accessible information sources 73 
[15-18]. Theory- and evidence-based eHealth interventions, where intervention messages are 74 
delivered to the target audience via electronic means and are easily available and accessible for the 75 
parents, may fill this information gap. eHealth interventions have the potential to reach many, can 76 
easily be changed and adapted to new groups, are available 24/7, and are cost-effective [19-21].  77 
Parental focused interventions with an emphasis on creating a healthy food and eating environment 78 
for the child are recommended and have shown promising results [22, 23]. A healthy food 79 
environment is characterized by the accessibility and availability of healthy foods for the child and 80 
restricted access to unhealthy alternatives [22, 24]. In order to create a healthy eating environment, 81 
it is essential to incorporate health-promoting feeding practices, such as healthy modeling and 82 
repeated exposure to healthy foods [7].   83 
The aim of this study was to examine the effect of a parent-focused eHealth intervention on the 84 
child’s diet assessed at two time points post-intervention. We hypothesized that, compared with the 85 
control group, the children in the intervention group would develop a more frequent and varied 86 
intake of fruits and vegetables and less frequent intake of discretionary foods from baseline to post-87 
intervention.  88 
Methods 89 
Design and study population 90 
This study used data from the Food4toddlers’ randomized controlled trial (RCT), an eHealth 91 
intervention aiming to promote a healthy food and eating environment for toddlers. Details of the 92 




RCT involving 298 parent-child dyads. This eHealth intervention was conducted in Norway in 2017/ 94 
2018. Data was collected at baseline, after six months (follow-up 1 = post-intervention), and after 12 95 
months (follow-up 2 = 6 months post-intervention). Parents in the intervention group were provided 96 
with access to the Food4toddlers’ website for a period of six months after completing the baseline 97 
questionnaires. Log in instructions for the website were sent by email, and up to three reminders 98 
were sent to non-responders. Informed consent from the parents was obtained when they signed in 99 
online for participation in the study. A completed CONSORT- EHEALTH checklist is available in 100 
Additional file 1. Research clearance was obtained from the Norwegian Centre for Research Data, 101 
08/06/2016, reference 48643.  102 
Between August 2017 and January 2018, 404 parents of infants and toddlers from across Norway 103 
were recruited through a tailored advertisement on Facebook and accepted to participate by signing 104 
in at the study’s homepage [26]. Parents of children born between June 2016 and May 2017 were 105 
eligible for participation if literate in Norwegian. In the case of twins, the parent reported on behalf 106 
of the oldest child. All sociodemographic and behavioral data were collected at baseline and follow-107 
ups using the online survey software SurveyXact [27]. Up to three email reminders were sent in the 108 
absence of a response. Parents completing items concerning children’s food intake, parental feeding 109 
practices, and demographic data were included in the analysis. 110 
Participants were randomized and allocated to either an intervention or a control group after the 111 
baseline data collection. A randomization list was generated in SPSS by one of the researchers (NCØ) 112 
and implemented by the first author (MR). The follow-up questionnaires replicated the baseline 113 
questionnaires but included also questions on intervention website use (intervention group only at 114 
follow-up 1). 115 
Intervention development 116 
This Food4toddlers study was developed using the basic steps from the Model of Planned Promotion 117 




targeting the linked relationship between the person, the behavior, and the environment [29] with 119 
an emphasis on how to promote action rather than motivation only [28]. The participants were 120 
encouraged to have core foods available (especially vegetables and fruit) both in their home and on 121 
the child’s plate. The opposite was encouraged for discretionary (non-core) foods and beverages. 122 
Food4toddlers was developed in a co-creation process with health care nurses, parents of toddlers 123 
and students and staff at the university. Key elements in this process were several individual and 124 
group interviews with stakeholders and to include students in developing and pilot testing the 125 
website. The Food4toddlers eHealth intervention included a website with four main elements: 1) 126 
modules (including two to four lessons) covering an introduction and seven topics on promoting 127 
healthy food and eating environments for the child 2) recipes, 3) a discussion forum, and 4) 128 
highlighted information about food and beverages (called “Good to know”). In addition, when 129 
accessing the Food4toddlers website, a video appeared with information about the study and focus 130 
on how important just a small weekly increase in vegetable consumption may be for the child’s long-131 
term health. Small behavioral changes were highlighted with the aim of making the messages easier 132 
for the parent to accomplish [30]. The modules had elements of activities such as a quiz or a game, 133 
and visual elements that supported the information. During the intervention period, the participants 134 
received e-mails weekly with a link to a new lesson (20 times), thus expanding the content of the 135 
intervention. Some lessons were more comprehensive than others, but the estimated time to 136 
complete an average lesson was ten minutes. The Food4toddlers website was available on 137 
smartphones and other tablets in the form of a mobile application (app), in addition to computers.  138 
Measures and outcomes 139 
The importance of fruit and vegetable intake for lifelong health is well documented [3, 4], and a diet 140 
rich in fruits and vegetables and limited in discretionary foods are cornerstones of a high diet quality 141 
[2, 31-34]. We wanted to measure the frequency of these foods along with the variety of fruits and 142 
vegetables, which are less frequently measured [35] and have shown to be indicators of 143 




Food4toddlers intervention revealed different patterns in fruit versus vegetable consumption [37].  145 
Therefore, we wanted to further examine this distinction for the intervention’s effect and examine 146 
the intake of discretionary foods to elaborate on both core and non-core dietary effects. We 147 
constructed three separate scales to assess vegetables, fruits, and discretionary foods consumption 148 
frequency, respectively. Food variety scales were calculated separately for vegetables and fruits.  149 
Child food intake 150 
Child food intake in the current study was assessed by a food frequency questionnaire (FFQ), based 151 
on questionnaires previously used in the population-based Norwegian Mother, Father and Child 152 
Cohort Study (MoBa) [38] and the nationwide Norwegian diet survey among 12-month-old children 153 
[39].  These questionnaires have previously been validated in toddlers [40, 41]. Using both 154 
questionnaires, we were able to cover a more extensive selection of foods, but different scales made 155 
the comparison more difficult. Of the 59 FFQ items in the questionnaire, we used three food groups 156 
(in total 33 items).  157 
Assessment of fruit and vegetable intake  158 
Questions covering the intake of fruits and vegetables commonly consumed in Norway [42] were as 159 
follows: “How often does your child eat the following fruits/vegetables nowadays?”. The food items 160 
presented included fresh, cooked, or squeezed fruits and vegetables and both homemade and 161 
commercially produced variants. In total 13 vegetables (carrot, rutabaga, sweet potato, cauliflower, 162 
broccoli, green salad, spinach, cucumber, tomato, corn, sweet pepper, pea and other) and 11 fruits 163 
(orange, banana, apple, pear, plum, grapes, kiwi, melon, mango, berries and other) were listed.  164 
A 6-point scale, ranging from never to several times a day, was used with the following response 165 
options and recoded into times per week: never or less than once a week = 0, one to three times a 166 
week = 2, four to six times a week = 5, once a day = 7, two times a day = 14 and three times or more 167 
per day = 24.5. Similar recoding has been done by others [43-46]. We calculated a combined score of 168 




The same items, as previously described for the frequency of vegetables and fruits, were used to 170 
calculate variety scores of eaten (coded 1) and not eaten (coded 0) vegetables (13 items) and fruits 171 
(11 items), respectively.  172 
Assessment of discretionary foods and beverages 173 
The questions on the consumption frequency of discretionary foods were as follows: “How often 174 
does your child eat the following foods nowadays?”. The following food groups were assessed 1) 175 
cakes, waffles, and sweet biscuits 2) dessert/ice-cream 3) chocolate 4) candy and such 5) chips. A 6-176 
point scale was used, ranging from never to several times a day. The response options were recoded 177 
into times per week: never = 0, less than once a week= 0.5, one to three times a week = 2, four to six 178 
times a week = 5, 1-2 times a day = 10.5 and three times or more per day = 24.5.   179 
Beverage intake was assessed by the following question: “How often does your child drink the 180 
following drinks nowadays.” The response options were recoded to daily intake: never/seldom=0, 181 
one to three times a week = 0.29, four to six times a week = 0.71, one per day = 1, two per day = 2, 182 
three per day = 3, four per day = 4, five or more per day = 6. Then coded into times per week 183 
(multiplied by seven) to be consistent with the snack score. Subsequently, we calculated the sum of 184 
the combined frequency of intake of discretionary foods per week, including five snack items and 185 
two beverage items.   186 
Assessment of demographics and use of the website 187 
Parents reported the following at baseline: child gender, child’s date of birth, if they lived together 188 
with the child’s other parent, their own height, weight, date of birth, and educational level. Body 189 
Mass Index (BMI) was calculated from parental self-reported height and weight (kg/m2). The 190 
categories for parental educational level were as follows: Primary school or less, primary school plus 191 
one year of e.g. folk high school, high school, vocational school, upper secondary school or less, 192 
college/university (≤ 4 years), college/university (> 4 years), other, don’t know. These categories are 193 




up to four years of higher-level education and more than four years of higher-level education. This 195 
cut-off was used since the groups without college/university education were very small (total 11.3%), 196 
and knowing that a healthy lifestyle increases for every year of education [47].  197 
From the website, we registered the number of lessons (in total 22) the participants in the 198 
interventions group had completed. The lessons comprised two to four pages and all of them had to 199 
be visited to be registered as a completed lesson.  Lesson number seven had an element only 200 
available at a computer, and all other lessons were available on different devices. 201 
Statistics 202 
The sample size was calculated for one of the primary outcomes, child diet quality. Because no data 203 
on healthy eating scores for Norwegian toddlers are available, the calculation for the current study 204 
was based on the study of Angelopoulos et al. [48]. They used a healthy diet score of 10 components 205 
to assess child diet and observed a mean score of 60.5 with SD 9.2. A 3-point difference in score 206 
between the control and intervention groups was considered relevant from a public health 207 
perspective. From this, we estimated that 142 children in each group would be required to 208 
demonstrate statistical significance with a statistical power of 80% and α of 5%. Assuming a 40% loss 209 
to follow-up, we aimed to recruit 237 parents in each group.   210 
Means with standard deviations for continuous variables and frequencies and percentages for 211 
categorical variables are reported for baseline characteristics. Table 2 shows group comparisons of 212 
baseline characteristics between participants retained in this study at follow-up 1 (immediately after 213 
the intervention) and follow-up 2 (six months post-intervention) and those who were lost to follow-214 
up or had missing data on outcome variables on these timepoints. 215 
We used generalized estimating equations (GEE) to determine whether the intervention had an 216 
effect on child diet from baseline to follow-up 1 and follow-up 2, respectively. GEE is suited for 217 
identifying how much a sample’s average response changes with a one-unit increase in a covariant, 218 




responses on the follow-ups [49]. This method also takes into account the problem with individual 220 
correlated data [49]. Frequency of intake (vegetables, fruits, and discretionary foods) and variety of 221 
intake (vegetables and fruits) were included as dependent variables in separate models. An 222 
interaction term between group (intervention vs. control) and time (baseline vs. post-intervention) 223 
was entered into all models to examine the possible effects of the intervention. Specifically, we 224 
investigated if changes in dietary intake from baseline to post-intervention periods (follow-up 1 or 225 
follow-up 2) differed significantly between the control and intervention groups. An unstructured 226 
covariance matrix and robust estimates of the standard error (SE) were used. All models were 227 
adjusted for child gender and age and parental BMI, education level, and age reported at baseline. 228 
We selected covariates based on previous research on determinants for vegetable and fruit intake 229 
[50] and in line with the protocol for the study [25]. We ran T-tests and Mann-Whitney U tests as 230 
sensitivity analyses, using complete cases and the difference between baseline and follow-up 1 231 
values, and baseline and follow-up 2, respectively, for all outcome variables. The intention‐to‐treat 232 
principle was used in the analyses [51]. All analyses were conducted in IBM SPSS Version 25 except 233 
for GEE, which was run in STATA version 16. Statistically significance level was set to P≤ 0.05.  234 
Results 235 
Characteristics of the study sample 236 
Figure 1 shows the flow of participants in the study. Of the 404 parents that signed in for 237 
participation, 298 (73.8%) parents completed the baseline questionnaire and were included in the 238 
study. After the baseline data collection, parents were randomized into an intervention (n = 148) or a 239 
control (n = 150) group. One child was erroneously included in the study (too young), and six 240 
participants had missing data on demographic variables at baseline (parental age, BMI, or education 241 






Figure 1: Consolidated Standards of Reporting Trials diagram for the Food4toddlers RCT study 245 
   246 
At follow-up 1, 71 participants were lost to follow-up, and 11 had incomplete data on outcome 247 




number of participants who completed the questionnaires was 291 at baseline, 209 (71.8%) at 249 
follow-up 1, and 174 at follow-up 2 (59.8%).  250 
 251 
Table 1 Baseline characteristics of parent and child in the intervention group and control group 252 
Demographic characteristics Total Control Intervention 
Parents (n = 291) (n = 147) (n = 144) 
 Mother1/father (n) 287/4 147/0 140/4 
 Age (year), mean (SD) 31.7 (4.2) 31.8 (3.9) 31.5 (4.4) 
 Height, mean cm (SD) 168.4 (5.9) 168.1 (5.9) 168.7 (6.0) 
 Weight, mean kg (SD) 70.7 (14.2) 71.0 (14.8) 70.4 (13.7) 
 BMI, mean (SD) 24.9 (4.6) 25.1 (4.8) 24.7 (4.4) 
 Two-parent household n (%)2 288 (99.0) 144 (98.0) 144 (100.0) 
 Total number of household 
members, mean (SD) 
3.6 (0.9) 3.7 (0.9) 3.6 (1.0) 
 Born in Norway, n (%) 250 (86.2) 3 122 (83.0)3 128 (88.9) 
 Education     
 College/university ≤ 4 years or less, n 
(%) 
132 (45.4) 70 (47.6) 62 (43.1) 
Children    
 Age, months, mean (SD) 10.9 (1.23) 10.8 (1.2) 10.9 (1.2) 
 Child’s sex: Female, n (%) 129 (44.3) 63 (42.9) 66 (45.8) 
   
Children’s food intake at baseline, mean (SD)   
Vegetables (13 items)    
    Frequency (times/day) 3.2 (1.6) 3.1 (1.5) 3.2 (1.7) 
    Variation (number /week) 7.2 (2.6) 7.2 (2.5) 7.2 (2.7) 
Fruits (11 items)    
    Frequency (times/day) 2.8 (1.6) 2.7 (1.4) 2.9 (1.8) 
    Variation (number /week) 5.8 (2.2) 5.7 (2.2) 5.9 (2.2) 
Discretionary foods (7 items)4    
    Frequency (times/week) 0.8 (1.4) 0.8 (1.4) 0.8 (1.4) 
SD: Standard deviation, BMI: Body Mass Index, Significance: There are no significant differences between the 253 
groups.  254 
1Including co-mothers and foster mothers.  255 
2Live together with the other parent 256 
3One missing case 257 
4 Including five unhealthy snack items and two sugar-sweetened beverages 258 
 259 
Mean parental age at baseline was 31.7 years (SD = 4.2) (Table 1). Most participants were mothers 260 
(98.0%), lived in two adult households (99.0%), and were born in Norway (86.2%). Other 261 




was 10.9 months (SD = 1.23, n= 291), at follow-up 1, 17.8 months (SD = 1.23, n = 209) and 24.2 263 
months (SD = 1.68, n = 174) at follow-up 2. All Norwegian 19 counties were represented in the study 264 
sample. We observed a higher proportion of participants from the south of Norway, compared to 265 
national population data [52].  266 
The infants had a frequency of daily intake of 3.2 (SD:1.6) items of vegetables and 2.8 (SD: 1.6) items 267 
of fruit. For discretionary food, the weekly intake was less than one item (0.8 items/week, SD:1.4) at 268 
baseline. The participating children ate a more varied range of vegetables (7.2 number/week, SD:2.6) 269 
compared to fruits (5.8 number/week, SD: 2.2). 270 
To get an overview of the baseline characteristics of participants who remained in the study and 271 
those who were lost to follow-up, table 2 presents the baseline characteristics of these participants 272 
on the two follow-ups. A comparison between all participants is presented and how many of those 273 
lost to follow-up adhered to the intervention or control group. Of those who did not respond to 274 
follow-up 1 (Table 2), 51 were from the intervention group and 31 from the control group.  275 
 276 
 277 
Table 2 Differences between participants who retained in the study and those lost to follow-up 1 278 
and follow-up 2 (n=291) (Baseline characteristics) 279 
Demographic characteristics At follow-up 1 
(all participants) 
 
Lost to follow-up 1 from 
intervention and control 
groups 
 (n = 82) 





Parents (n = 209) (n = 82) (n = 31)* (n = 51)* 
 Mother2/father (n) 206/3 81/1 31/0 50/1 
 Age (year), mean (SD)) 31.8 (4.1) 31.5 (4.4) 32.6 (4.2) 30.9 (4.4) 
 Height (cm), mean (SD) 168 (5.8) 168 (6.0) 168 (5.9) 169 (6.1) 
 Weight (kg), mean (SD) 71.0 (15.0) 69.8 (12.0) 67.6 (11.6) 71.2 (12.2) 
 BMI, mean (SD) 24.9 (4.9) 24.6 (3.8) 24.0 (3.6) 25.0 (3.9) 
 Two-parent household n 
(%)3 
207 (99.0) 81 (98.8) 30 (98.6) 51 (100) 
 Total number of household 
members, mean (SD) 




 Born in Norway, n (%) 177 (84.7) 73 (90.1)4 26 (86.7)4 47 (92.2) 
      Education      
 College/university ≤ 4 years 
or less, n (%) 
93 (44.5) 39 (47.6) 15 (48.4) 24 (47.1) 
Children     
 Age, months, mean (SD) 10.8 (1.2) 11.0 (1.4) 10.8 (1.7) 11.2 (1.2) 
 Child’s sex: Female, n (%) 90 (43.1) 39 (47.6) 12 (38.7) 27 (52.9) 
      
Children*s food intake at baseline, 
mean(SD) 
   
Vegetables (13 items)     
 Frequency (times/day) 3.2 (1.6) 3.0 (1.6) 2.9 (1.5) 3.1 (1.7) 
 Variation (number /week) 7.4 (2.5) 6.9 (2.7) 6.7 (2.6) 7.0 (2.8) 
Fruits (11 items)     
 Frequency (times/day) 2.9 (1.6) 2.7 (1.6) 2.9 (1.7) 2.6 (1.7) 
 Variation (number /week) 5.9 (2.2) 5.6 (2.2) 5.6 (2.0) 5.7 (2.4) 
Discretionary foods 7 items)     
 Frequency (times/day) 0.8 (1.4) 0.9 (1.4) 0.8 (1.2) 1.0 (1.5) 
   
 At follow-up 2 Lost to follow-up 2  
 (n = 117) 





Parents (n = 174) (n = 117) (n = 57) (n = 60) 
 Mother2/father (n) 171/3 116/1 57/0 59/1 
 Age (year), mean (SD)) 32.0 (4.0) 31.2 (4.4) 32.0 (4.1) 30.5 (4.6) 
 Height (cm), mean (SD) 169 (5.8) 168 (6.0) 168 (6.2) 168 (5.8) 
 Weight (kg), mean (SD) 71.3 (14.7) 69.8 (13.4) 69.1 (13.6) 70.6 (13.4) 
 BMI, mean (SD) 25.0 (4.9) 24.8 (4.2) 24.4 (3.9) 25.1 (4.5) 
 Two-parent household n 
(%)3 
173 (99.4) 115 (98.3) 55 (96.5) 60 (100) 
 Total number of household 
members, mean (SD) 
3.6 (1.0) 3.7 (0.9) 3.8 (1.0) 3.6 (0.7) 
 Born in Norway, n (%) 154 (88.5) 96 (82.8) 42 (75.0)* 54 (90.0)* 
      Education     
 College/university ≤ 4 years 
or less, n (%) 
67 (38.5)* 65 (55.6)* 30 (52.6) 35 (58.3) 
Children     
 Age, months, mean (SD) 10.8 (1.2)  11.0 (1.2) 11.0 (1.4) 11.1 (1.1) 
 Child’s sex: Female, n (%) 73 (42.0) 56 (47.9) 27 (47.4) 29 (48.3) 
      
Children*s food intake at baseline, 
mean(SD) 
   
Vegetables (13 items)     
 Frequency (times/day) 3.2 (1.6) 3.0 (1.5) 3.2 (1.4) 2.9 (1.6) 
 Variation (number /week) 7.3 (2.6) 7.1 (2.7) 7.3 (2.4) 6.9 (2.9) 
Fruits (11 items)     
 Frequency (times/day) 2.9 (1.6) 2.8 (1.7) 2.9 (1.4) 2.6 (1.9) 
 Variation (number /week) 5.9 (2.2) 5.7 (2.3) 5.8 (2.1) 5.6 (2.4) 
Discretionary foods 7 items)     




SD: Standard deviation, BMI: Body Mass Index, * p < 0.05, and calculated by Pearson’s chi-square test 280 
1 Participants who were lost to follow up or had incomplete outcome data at follow-up 1 or follow-up 2 281 
2 Including co-mothers and foster mothers 282 
3 Live together with the other parent 283 
4 One missing case 284 
 285 
At follow-up 2, the number of non-responders was comparable in the two groups, i.e., 57 in the 286 
control group and 60 in the intervention group. Participants with a higher educational level were 287 
more likely to complete the follow-up 2 questionnaires (p = 0.05).  288 
Figure 2 shows how many participants in the intervention group (n = 144) who completed the 22 289 
lessons on the Food4toddlers website. The two first lessons were available when the participants got 290 
access to the website. After that, a new lesson was delivered every week. Lesson 1 was an 291 
information lesson (e.g., how to navigate the website and information about the study), and lesson 292 
seven had a gaming element included that was just possible to use from a computer (not on mobile 293 
devices). Few parents completed this lesson (14%). There was a range from 21 (14%) to 89 (61%) of 294 





Dietary outcomes 297 
Time by group interactions  298 
At follow-up 1, a significant time by group interaction was observed for frequency of vegetable 299 
intake, p = 0.02 (Table 3, adjusted measures). The between-group difference in the change from 300 
baseline to follow-up 1 was 0.46 items/day (CI = 0.06, 0.86), showing a larger increase in the 301 
frequency of vegetable intake in the intervention group compared to the control group. No other 302 
significant differences in dietary changes from baseline to follow-up 1 or follow-up 2 were observed 303 
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Table 3 Intervention effects of the Foof4toddlers-study on vegetable, fruit, and discretionary food 307 
frequency outcomes and fruit and vegetable variety outcomes from baseline to follow-up 1 and 308 
from baseline to follow-up 2 (n = 291). 309 
  
 Baseline to follow-up 1a Baseline to follow-up 2 a 
 
Estimate 
(95% CI) P value 
Estimate  
(95% CI)  P value 
  
 Intervention effect (unadjusted) 
Vegetables     
Frequency (times/day) 0.44 (0.04, 0.84) 0.03 0.30 (-0.14, 0.74) 0.18 
Variation (number/week) 0.56 (-0.08, 1.19) 0.09 0.69 (0.04, 1.43) 0.06 
Fruits     
Frequency (times/day) 0.04 (-0.45, 0.54) 0.87 -0.07 (-0.62, 0.48) 0.81 
Variation (number/week) 0.07 (-0.51, 0.66) 0.80 -0.17 (-0.82, 0.49) 0.62 
Discretionary foods     
Frequency (times/day) -0.10 (-1.20, 1.00) 0.85 0.05 (-1.02, 1.11) 0.93 
  
 Intervention effect (adjustedb) 
Vegetables     
Frequency (times/day) 0.46 (0.06, 0.86) 0.02 0.32 (-0.12, 0.75) 0.15 
Variation (number/week) 0.60 (-0.04, 1.23) 0.07 0.73 (-0.01, 1.46) 0.05 
Fruits     
Frequency (times/day) 0.03 (-0.47, 0.52) 0.91 -0.10 (-0.64, 0.44)        0.71 
Variation (number/week) 0.09 (-0.50, 0.67) 0.78 -0.18 (-0.84, 0.48) 0.60 
Discretionary foods     
Frequency (times/day) -0.07 (-1.17, 1.02) 0.89 0.08 (-0.98, 1.14)          0.89 
CI: Confidence Interval 310 
aMean change in frequency or variety of vegetables, fruits or discretionary foods from baseline to the post-311 
interventions (follow-up 1 or 2) between the control and intervention group.  312 
bAdjusted for child age and gender and parental BMI, education level, and age at baseline.  313 
 314 
The change in frequency of vegetable intake from baseline to the follow-ups for the intervention 315 




  317 
 318 
Figure 3: Estimated marginal means for child’s food intake at baseline, follow-up 1 and follow-up 2 319 
for the frequency of vegetables, fruits, and discretionary foods, and variety of vegetables and 320 
fruits. Adjusted for child age and gender and parental BMI, education level, and age, reported at 321 
baseline. 322 
 323 
Estimated marginal means (EMM) for the intervention group, showed that the vegetable intake of 324 
3.20 times/day (SE = 0.15) at baseline increased to 3.65 times/day (SE = 0.18) at follow-up 1. There 325 
was no change in frequency of vegetable intake in the control group from baseline (3.11 times/day, 326 




from follow-up 1 to follow-up 2 in both groups: a mean vegetable intake of 2.96 times/day (SE = 328 
0.15) was observed for the control group and 3.36 (SE = 0.16) for the intervention group.  There was 329 
no significant time trend from baseline to the follow-ups.  330 
A similar trend was observed for the variety score of vegetables (Figure 3B), although the group-by-331 
time interactions were only borderline significant. Specifically, the group difference in the change 332 
from baseline to follow-up 1 was 0.60 vegetables tasted/week (p = 0.07), and 0.73 number of 333 
vegetables tasted/week from baseline to follow-up 2 (p = 0.05) (Table 3). Moreover, the EMM of the 334 
control group’s vegetable variety was 7.25 (SE = 0.21) at baseline, 7.54 (SE = 0.20) at follow-up 1 and 335 
7.26 (SE = 0.26) at follow -up 2, whereas for the intervention group it was 7.17 (SE = 0.22) at baseline, 336 
8.06 (SE = 0.22) at follow-up 1 and 7.90 (SE = 0.23) at follow-up 2. No significant time trend from 337 
baseline to the follow-ups were observed.  338 
There were no significant between-group differences in change in the frequency nor variety of fruit 339 
intakes from baseline to follow-up 1 and follow-up 2, respectively (Figure 3C/D). There is a significant 340 
time trend for fruit frequency from baseline to follow up 1 (p=.002) and borderline significance from 341 
baseline to follow up 2 (p=.052). For variety of fruit a significant time trend is seen from baseline to 342 
both follow-ups, respectively (p<.001). 343 
No intervention effect was observed for the intake of discretionary foods, as there was no significant 344 
between-group difference in the change in intake frequency from baseline to either of the two 345 
follow-ups. However, the intake of discretionary foods increased significantly (p<.001) over time 346 
(Figure 3E). In detail, at baseline, the intake was less than one item a week for both groups, which 347 
increased to 3.6 items/week in both groups at follow-up 1 and later to 4.4 (SE = 0.45) items/week in 348 
the control group and 4.5 (SE = 0.37) in the intervention group at follow-up 2. 349 
The sensitivity analyses (T-tests and Mann-Whitney U tests) using complete cases, showed results in 350 
line with the GEE analyses, except for the results for vegetable variation, which were no longer 351 




Discussion  353 
In this study, we observed that giving parents access to an eHealth intervention during toddlerhood 354 
increased the child’s vegetable consumption frequency. The intervention effect was attenuated and 355 
no longer significant six months post-intervention. A borderline significant effect for a variety of 356 
vegetable intake in favor of the intervention group was observed at both time points. For fruits and 357 
discretionary foods, there were no intervention effects.   358 
Although the intervention promoted a higher consumption of both vegetables and fruits, and lower 359 
consumption of discretionary foods, the vegetable promotion was the main focus in the 360 
Food4toddlers study, which may explain our findings. Specifically, the intervention focused on 361 
vegetables from the start; on the front page and in the first lessons the participants got access to, 362 
vegetable promotion was central. Interest in the intervention website was highest at the start of the 363 
program, which is also seen in other web-based programs [53]. The video on the front page of the 364 
Food4toddlers website focused on how important just a small weekly increase in vegetable 365 
consumption may be for the child’s long-term health. It is possible that those who accessed the 366 
website watched this video and that this may have motivated improved vegetable consumption. 367 
There may also be more room for improvement in vegetable intake relative to fruit or discretionary 368 
food intake in this age group. A British study found more variety of vegetables in commercially 369 
prepared dinners than in their home-cooked recipes counterpoints [54]. Parents tend to serve more 370 
commercially prepared dinners at the age of one than later [39, 55]. This may explain why the variety 371 
of vegetables is not increasing by age, even though children eat larger portions of foods by age [39, 372 
55]. A known reason for lack of variety is the age-specific trait of rejection of new foods, food 373 
neophobia, that peaks around two years of age [56]. In order to create a healthy eating environment, 374 
the present study focused on the importance of repeated exposure as a means to enhance the 375 
acceptance of new foods before that age. There was a borderline significant difference between the 376 




intervention group obtained a higher acceptance of these foods before the age of two, which may 378 
persist over time [7]. While there are no studies directly comparable to the current study, some have 379 
reported dietary outcomes of eHealth interventions targeting older or younger children. The Swedish 380 
MINISTOP mHealth intervention [57] reported no effect on vegetable consumption. The MINISTOP 381 
study targeted parents of 4-year old’s, and the intervention group got access to an app, for six 382 
months, focusing on a healthy diet and physical activity. The Australian Time2bHealthy study’s results 383 
for vegetable consumption were in line with the MINISTOP study. Time2bHealthy delivered an 11-384 
week web course on healthy lifestyle to the intervention group, followed by fortnightly emails for 3-385 
months. They targeted parents of 2- to 5- years-old children with BMI at or above the 50th percentile 386 
for their age, and the participants got individual feedback from a dietitian. Our intervention targeted 387 
parents with younger children and in a period were dietary habits are established, which may explain 388 
the positive results for vegetables in our study. A Norwegian eHealth RCT intervention, Early food for 389 
future health, delivered monthly videos on child feeding to parents of infants (6-12 months) [58] and 390 
found an intervention effect for vegetable variation [58]. They made a composite score of fruit and 391 
vegetable frequency, which also showed improvement in intake [58]. A similar score was used in two 392 
studies targeting older children [59, 60] showing positive results, contrary to the no reported effect 393 
in a mHealth study targeting infants [20]. A composite healthy lifestyle score was assessed in the 394 
MINISTOP study which showed a positive intervention effect [57].  395 
Both the intervention and the control group increase their intake of fruit by time, but no intervention 396 
effect between the groups were seen. The lack of effect for fruit intake contrary to vegetable intake 397 
may be explained by the differences between the two types of foods in terms of skills and time 398 
needed for preparation, consumption patterns, and the parents’ readiness to make changes [61-63]. 399 
Few preparations are necessary to give the child a fruit as a snack or in a smoothie, and fruits are 400 
more easily accepted by children than vegetables due to sweet taste [64]. The children may have 401 




may be hard to obtain. The lack of an intervention effect for fruit consumption has been observed in 403 
comparable studies [57, 58, 65].  404 
In contrast with our and other findings [58, 66], the Time2bHealthy study showed an effect on 405 
discretionary foods in favor of the intervention group [65]. A review exploring both traditional and 406 
eHealth interventions aiming to reduce sugar‐sweetened beverages among young children (< 5 407 
years), found that success was more likely if interventions were multicomponent, targeted 408 
vulnerable populations, and had a high intervention intensity/contact time [67]. The Time2bHealthy 409 
study was conducted in line with these success factors, which may explain the positive results. The 410 
MINISTOP study found an intervention effect on sweetened beverage consumption in favor of the 411 
intervention group [66]. The offering of discretionary foods was low at baseline in the Food4toddlers 412 
study and increased at the-follow ups in both groups. However, the intake remained relatively low 413 
when compared with other studies [68, 69]. The increase in both groups over time may be explained 414 
by the fact that children tend to incorporate the rest of the families’ eating patterns, including more 415 
discretionary food, during the second year of life (e.g., ice cream in the summer and biscuit as 416 
snacks).  417 
Findings from the present study and other similar studies show that digital interventions may be 418 
effective in improving some aspects of dietary intake. However, for most parent-focused eHealth 419 
studies, long term retention of effects have not been observed [17, 57]. One interesting exception is 420 
the long-term effect on discretionary foods in the Time 2bHealthy study [65]. The lack of long-term 421 
effects is a challenge for eHealth interventions aimed at lifestyle behavior in general [70] and also 422 
specifically for parent-focused (traditional and online) obesity prevention interventions [13, 71]. A 423 
duration of six months or shorter is common in parent-focused eHealth interventions [13, 25, 72]. A 424 
longer duration might contribute to maintained effects over time [13, 70, 73]. Further, including 425 
short and thematically narrow “booster sessions” after the end of more intensive intervention 426 




short booster sessions have a low participant burden, can be important reminders, and can easily be 428 
conducted in eHealth interventions. A review showed that combining web-delivered interventions 429 
with other delivery modes such as SMS, telephone coaching, and emails had stronger effects on 430 
behavior changes over time [21]. The process evaluation of the present study [74] showed that 13 % 431 
of the invited participants did not enter the Food4toddlers website at all, indicating some challenges 432 
in engaging all participants. Other deliveries might have been valuable to better engagement. 433 
However, personal contact is cost- and time-consuming, which limits distribution to the population at 434 
large [70]. Digital tailoring based on information about diet and physical activity provided by parents 435 
on the website or app, as done in the MINISTOP study [75], may contribute to better adherence. 436 
Even though the effect did not last after follow-up 1 in the present study, there is still a possible 437 
public health benefit of increasing vegetable intake among children, even in small measures.  438 
Strengths and limitations 439 
Few parent-focused eHealth studies are exclusively web-based nor targeting young children [13]. The 440 
participants in the Food4toddlers study represented all Norwegian 19 counties, which was possible 441 
because we used Facebook as the recruitment platform and had no face-to-face components in the 442 
intervention. The possibility of reaching a large and widespread population is one of the main 443 
benefits of using eHealth approaches [21]; however, we aimed for a larger sample in this study. 444 
Separate analyses for fruits and vegetables could also be viewed as strength due to different 445 
consumption patterns and tastes [62-64], and recommended for studies targeting young children 446 
[76, 77]. A recently published review paper addresses the need to examine both variety and intake 447 
(quantity) of fruit and vegetables due to the different findings regarding health outcomes, and this 448 
review also revealed that such research was particularly lacking in young age groups [35].  449 
A limitation of the study is the low generalizability of the findings due to the participants’ education 450 
level, which is higher than national figures [78]. It is conceivable that a more representative sample 451 




both parents were invited to participate, 287 of 291 participants were mothers. We do not know if 453 
our findings would have been different if more fathers were included. We aimed at recruiting a larger 454 
sample, but time and cost (i.e., expensive Facebook advertisement), limited that. Therefore, we 455 
ended up with more restricted sample size, and hence lower statistical power than planned for. It 456 
turned out to be challenging to recruit parents through Facebook when the children were around ten 457 
months of age, possibly because parents in Norway often start working after the maternity leave 458 
around that time. Quantifying the dietary intake in grams and nutrient calculation might have added 459 
value to the assessments, however, portion size estimations were not recorded. Self-reported Food 460 
frequency questionnaires have limitations, especially in this age group where dietary habits are 461 
rapidly changing and the answers are solely dependent on the parents’ observations and suggestions 462 
[81]. A potential bias in intervention group reporting could be answering according to the perceived 463 
intention of the intervention (e.g., higher intake of vegetables) [82]. The three questionnaires were 464 
delivered in different Nordic seasons (two in autumn/winter and one in winter/spring), which could 465 
have influenced the results, especially for fruit and vegetable intake. If so, the effect of the 466 
intervention would tend to be overrated. The digital approach limited the possibilities of collecting 467 
objective measurements leaving self-reported measures as the only option, which has limitations 468 
[83]. 469 
Conclusion 470 
In this study, we investigated the effects of the Norwegian Food4toddlers randomized controlled 471 
trial. An intervention effect on the frequency of intake of vegetables was observed immediately after 472 
the six months intervention period ended. The difference was attenuated and no longer significant at 473 
follow-up 2, six months post-intervention. The consumption of discretionary food increased by time 474 
in both groups. 475 
Despite the potential of reaching a large population with limited resources, few eHealth 476 




children’s food preference development. Our results show that there is a potential to improve 478 
aspects of young children’s diets utilizing this kind of intervention. To obtain long term effects in 479 
eHealth interventions, longer duration should be considered along with tailoring in a digital or a 480 
personal form. Delivering short reminders after the end of the main content of the intervention may 481 
contribute to better adherence and are easily feasible in eHealth interventions.  482 
 483 
Acknowledgments  484 
The authors wish to thank the participants and the students who were involved in the development 485 
of the intervention, in particular, Svein Even Skogen, Christina Lien, Ida Kile Næss, Anne Kate 486 
Edvardsen, and Kaia Heslien. 487 
Abbreviations 488 
RCT: Randomized Controlled Trial 489 
BMI: Body Mass Index 490 
EMM: Estimated marginal means 491 
GEE: Generalized estimating equations 492 
Funding 493 
This study is funded by the University of Agder. The financial contributor was not involved in 494 
designing the study, collection, analyses, and interpretation of data or in writing the manuscript. 495 
Availability of data and materials 496 
Dataset supporting the conclusions of this article will be available in the UiA Open Research 497 
repository https://dataverse.no/dataverse/uia.  498 




MR, ERH, FNV, and NCØ initiated and designed the study and developed the intervention. MR 500 
performed the data collection supervised by ERH, FNV, and NCØ. MR and ACM performed the 501 
analyses. MR drafted the manuscript with substantial input from ACM, ERH, FNV, WVL, KC, and NCØ. 502 
All authors contributed to, read, and approved the final version of this manuscript.  503 
Ethics approval and consent to participate 504 
This trial was approved by the Norwegian Centre for Research Data, 29/06/2017, ref.: 48643. Written 505 
consent was obtained from all parents on the study’s homepage [26] when they chose to sign up for 506 
participation. 507 
Consent for publication 508 
Not applicable. 509 
Competing interests 510 
The authors declare that they have no competing interests. 511 
Additional files 512 
Title: CONSORT EHEALTH checklist for the Food4toddlers trial. 513 
References 514 
1. Johnson BJ, Hendrie GA, Golley RK. Reducing discretionary food and beverage intake in early 515 
childhood: a systematic review within an ecological framework. Public Health Nutr 516 
2016;19(9):1684-1695. 517 
2. McCarthy R, Kehoe L, Flynn A, Walton J. The role of fruit and vegetables in the diets of 518 
children in Europe: current state of knowledge on dietary recommendations, intakes and 519 
contribution to energy and nutrient intakes. The Proceedings of the Nutrition Society 2020:1-520 
20. 521 
3. Hodder RK, O'Brien KM, Tzelepis F, Wyse RJ, Wolfenden L. Interventions for increasing fruit 522 
and vegetable consumption in children aged five years and under. Cochrane Database Syst 523 
Rev 2020(5). 524 
4. World Health Organization. Increasing fruit and vegetable consumption to reduce the risk of 525 
noncommunicable diseases. 2014 [Retrieved from  526 
https://www.who.int/elena/titles/bbc/fruit_vegetables_ncds/en/]. 527 
5. World Health Organization: Report of the commission on ending childhood obesity: World 528 




6. Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T et al. Fruit and vegetable 530 
intake and the risk of cardiovascular disease, total cancer and all-cause mortality—a 531 
systematic review and dose-response meta-analysis of prospective studies. Int J Epidemiol 532 
2017;46(3):1029-1056. 533 
7. Scaglioni S, De Cosmi V, Ciappolino V, Parazzini F, Brambilla P, Agostoni C. Factors Influencing 534 
Children’s Eating Behaviours. Nutrients 2018;10(6):706. 535 
8. Grimm KA, Kim SA, Yaroch AL, Scanlon KS. Fruit and vegetable intake during infancy and early 536 
childhood. Pediatrics 2014;134(Supplement 1):S63-69. 537 
9. Rose CM, Birch LL, Savage JS. Dietary patterns in infancy are associated with child diet and 538 
weight outcomes at 6 years. Int J Obes 2017;41(5):783-788. 539 
10. Bjelland M, Brantsæter AL, Haugen M, Meltzer HM, Nystad W, Andersen LF. Changes and 540 
tracking of fruit, vegetables and sugar-sweetened beverages intake from 18 months to 7 541 
years in the Norwegian Mother and Child Cohort Study. BMC Public Health 2013;13(1):793. 542 
11. Larsen JK, Hermans RCJ, Sleddens EFC, Engels RCME, Fisher JO, Kremers SPJ. How parental 543 
dietary behavior and food parenting practices affect children's dietary behavior. Interacting 544 
sources of influence? Appetite 2015;89:246-257. 545 
12. Faith MS, Van Horn L, Appel LJ, Burke LE, Carson JAS, Franch HA et al. Evaluating Parents and 546 
Adult Caregivers as “Agents of Change” for Treating Obese Children: Evidence for Parent 547 
Behavior Change Strategies and Research Gaps. Circulation 2012;125(9):1186-1207. 548 
13. Hammersley ML, Jones RA, Okely AD. Parent-Focused Childhood and Adolescent Overweight 549 
and Obesity eHealth Interventions: A Systematic Review and Meta-Analysis. J Med Internet 550 
Res 2016;18(7):e203. 551 
14. Redsell SA, Edmonds B, Swift JA, Siriwardena AN, Weng S, Nathan D et al. Systematic review 552 
of randomised controlled trials of interventions that aim to reduce the risk, either directly or 553 
indirectly, of overweight and obesity in infancy and early childhood. Matern Child Nutr 554 
2016;12:24-38. 555 
15. Sayakhot P, Carolan-Olah M. Internet use by pregnant women seeking pregnancy-related 556 
information: a systematic review. BMC Pregnancy Childbirth 2016;16(1):65. 557 
16. Slomian J, Bruyère O, Reginster J-Y, Emonts P. The internet as a source of information used 558 
by women after childbirth to meet their need for information: A web-based survey. 559 
Midwifery 2017;48:46-52. 560 
17. Helle C, Hillesund ER, Wills AK, Øverby NC. Examining the effects of an eHealth intervention 561 
from infant age 6 to 12 months on child eating behaviors and maternal feeding practices one 562 
year after cessation: The Norwegian randomized controlled trial Early Food for Future 563 
Health. PLoS One 2019;14(8):e0220437. 564 
18. Moon RY, Mathews A, Oden R, Carlin R. Mothers’ Perceptions of the Internet and Social 565 
Media as Sources of Parenting and Health Information: Qualitative Study. J Med Internet Res 566 
2019;21(7):e14289. 567 
19. Litterbach E-K, Russell CG, Taki S, Denney-Wilson E, Campbell KJ, Laws RA. Factors Influencing 568 
Engagement and Behavioral Determinants of Infant Feeding in an mHealth Program: 569 
Qualitative Evaluation of the Growing Healthy Program. JMIR mHealth and uHealth 570 
2017;5(12):e196. 571 
20. Russell CG, Denney-Wilson E, Laws RA, Abbott G, Zheng M, Lymer SJ et al. Impact of the 572 
Growing Healthy mHealth Program on Maternal Feeding Practices, Infant Food Preferences, 573 
and Satiety Responsiveness: Quasi-Experimental Study. JMIR mHealth and uHealth 574 
2018;6(4):e77. 575 
21. Vandelanotte C, Müller AM, Short CE, Hingle M, Nathan N, Williams SL et al. Past, Present, 576 
and Future of eHealth and mHealth Research to Improve Physical Activity and Dietary 577 
Behaviors. J Nutr Educ Behav 2016;48(3):219-228.e211. 578 
22. Birch LL, Ventura A. Preventing childhood obesity: what works? Int J Obes 2009;33(S1):S74. 579 
23. Pearson N, Biddle SJ, Gorely T. Family correlates of fruit and vegetable consumption in 580 




24. Lacy KE, Spence AC, McNaughton SA, Crawford DA, Wyse RJ, Wolfenden L et al. Home 582 
environment predictors of vegetable and fruit intakes among Australian children aged 18 583 
months. Appetite 2019;139:95-104. 584 
25. Røed M, Hillesund ER, Vik FN, Van Lippevelde W, Øverby NC. The Food4toddlers study-study 585 
protocol for a web-based intervention to promote healthy diets for toddlers: a randomized 586 
controlled trial. BMC Public Health 2019;19(1):563. 587 
26. University of Agder. Mat til minsten (Food4toddlers). 2020 [Retrieved from  588 
https://www.uia.no/mattilminsten ]. 589 
27. Rambøll. Surveyxact. 2019 [Retrieved from  https://www.surveyxact.no/]. 590 
28. Brug J, Oenema A, Ferreira I. Theory, evidence and Intervention Mapping to improve 591 
behavior nutrition and physical activity interventions. Int J Behav Nutr Phys Act 2005;2(1):2. 592 
29. Kelder SH, Hoelscher D, Perry CL. How individuals, environments, and health behaviors 593 
interact. In: Glanz K, Rimer BK, Viswanath K, editors. Health behavior: Theory, research, and 594 
practice. San Francisco:  Jossey-Bass; 2015. p. 159-181. 595 
30. Petty RE, Barden J, Wheeler SC. The Elaboration Likelihood Model of persuasion: Developing 596 
health promotions for sustained behavioral change. In: DiClemente RJ, Crosby RA, Kegler MC, 597 
editors. Emerging theories in health promotion practice and research. 2 ed. San Francico, CA, 598 
US:  Jossey-Bass; 2009. p. 185-214. 599 
31. Mak TN, Prynne CJ, Cole D, Fitt E, Bates B, Stephen AM. Patterns of sociodemographic and 600 
food practice characteristics in relation to fruit and vegetable consumption in children: 601 
results from the UK National Diet and Nutrition Survey Rolling Programme (2008–2010). 602 
Public Health Nutr 2013;16(11):1912-1923. 603 
32. Jacobs Jr DR, Steffen LM. Nutrients, foods, and dietary patterns as exposures in research: a 604 
framework for food synergy. Am J Clin Nutr 2003;78(3):508S-513S. 605 
33. Cena H, Calder PC. Defining a healthy diet: evidence for the role of contemporary dietary 606 
patterns in health and disease. Nutrients 2020;12(2):334. 607 
34. Wirt A, Collins CE. Diet quality–what is it and does it matter? Public Health Nutr 608 
2009;12(12):2473-2492. 609 
35. Marshall AN, van den Berg A, Ranjit N, Hoelscher DM. A Scoping Review of the 610 
Operationalization of Fruit and Vegetable Variety. Nutrients 2020;12(9):2868. 611 
36. Ramsay SA, Shriver LH, Taylor CA. Variety of fruit and vegetables is related to preschoolers' 612 
overall diet quality. Preventive medicine reports 2017;5:112-117. 613 
37. Røed M, Vik FN, Hillesund ER, Van Lippevelde W, Øverby NC. Associations between parental 614 
food choice motives, health-promoting feeding practices, and infants’ fruit and vegetable 615 
intakes: the Food4toddlers study. Food Nutr Res 2020;64. 616 
38. Norwegian Institute of Public Health. The Norwegian Mother and Child Cohort Study (MoBa). 617 
. 2018 [Retrieved from  https://www.fhi.no/en/studies/moba/]. 618 
39. Øverby N, Kristiansen A, Andersen L, Lande B. Spedkost 12 months. National dietary survey 619 
among 12 month old children. Norwegian Directorate of Health 2009. 620 
40. Andersen L, Lande B, Trygg K, Hay G. Validation of a semi-quantitative food-frequency 621 
questionnaire used among 2-year-old Norwegian children. Public Health Nutri 2004;7(6):757-622 
764. 623 
41. Norwegian Institute of Public Health. The Norwegian Mother and Child Cohort Study 624 
(MoBa),Questions Documentation Questionnaire 5 when the child was 18 months old. 2016 625 
[Retrieved from  626 
https://www.fhi.no/globalassets/dokumenterfiler/studier/moba/dokumenter/instrument-627 
documentation-q5.pdf]. 628 
42. Statistics Norway. Survey of consumer expenditure. 2019 [Retrieved from  629 
https://www.ssb.no/en/statbank/table/10249]. 630 
43. Campbell KJ, Crawford DA, Ball K. Family food environment and dietary behaviors likely to 631 




44. Kiefner-Burmeister AE, Hoffmann DA, Meers MR, Koball AM, Musher-Eizenman D. Food 633 
consumption by young children: A function of parental feeding goals and practices. Appetite 634 
2014;74:6-11. 635 
45. Harrison K, Liechty JM, The STRONG Kids Program. US preschoolers' media exposure and 636 
dietary habits: the primacy of television and the limits of parental mediation. Journal of 637 
Children and Media 2012;6(1):18-36. 638 
46. Lanfer A, Hebestreit A, Ahrens W, Krogh V, Sieri S, Lissner L et al. Reproducibility of food 639 
consumption frequencies derived from the Children's Eating Habits Questionnaire used in 640 
the IDEFICS study. Int J Obes 2011;35(S1):S61. 641 
47. Cutler DM, Lleras-Muney A: Education and health: evaluating theories and evidence. In: JEL. 642 
vol. I1, I2: National bureau of economic research; 2006. 643 
48. Angelopoulos P, Kourlaba G, Kondaki K, Fragiadakis G, Manios Y. Assessing children's diet 644 
quality in Crete based on Healthy Eating Index: the Children Study. Eur J Clin Nutr 645 
2009;63(8):964. 646 
49. Salazar A, Ojeda B, Dueñas M, Fernández F, Failde I. Simple generalized estimating equations 647 
(GEEs) and weighted generalized estimating equations (WGEEs) in longitudinal studies with 648 
dropouts: guidelines and implementation in R. Stat Med 2016;35(19):3424-3448. 649 
50. Rasmussen M, Krolner R, Klepp KI, Lytle L, Brug J, Bere E et al. Determinants of fruit and 650 
vegetable consumption among children and adolescents: a review of the literature. Part I: 651 
Quantitative studies. Int J Behav Nutr Phys Act 2006;3. 652 
51. Bell ML, Fiero M, Horton NJ, Hsu C-H. Handling missing data in RCTs; a review of the top 653 
medical journals. BMC Med Res Methodol 2014;14(1):118. 654 
52. Statistics Norway. Population. 2019 [Retrieved from  655 
https://www.ssb.no/en/befolkning/statistikker/folkemengde]. 656 
53. Christensen H, Griffiths KM, Farrer L. Adherence in Internet Interventions for Anxiety and 657 
Depression: Systematic Review. J Med Internet Res 2009;11(2):e13. 658 
54. Carstairs SA, Craig LC, Marais D, Bora OE, Kiezebrink K. A comparison of preprepared 659 
commercial infant feeding meals with home-cooked recipes. Archives of disease in childhood 660 
2016;101(11):1037-1042. 661 
55. Kristiansen A, Andersen L, Lande B. Småbarnskost 2 år. National dietary survey among 2 year 662 
old children. Norwegian Directorate of Health, Oslo 2009. 663 
56. Dovey TM, Staples PA, Gibson EL, Halford JC. Food neophobia and ‘picky/fussy’eating in 664 
children: A review. Appetite 2008;50(2-3):181-193. 665 
57. Nyström CD, Sandin S, Henriksson P, Henriksson H, Maddison R, Löf M. A 12-month follow-up 666 
of a mobile-based (mHealth) obesity prevention intervention in pre-school children: the 667 
MINISTOP randomized controlled trial. BMC public health 2018;18(1):658. 668 
58. Helle C, Hillesund ER, Wills AK, Øverby NC. Evaluation of an eHealth intervention aiming to 669 
promote healthy food habits from infancy-the Norwegian randomized controlled trial Early 670 
Food for Future Health. Int J Behav Nutr Phys Act 2019;16(1):1. 671 
59. Knowlden AP, Conrad E. Two-Year Outcomes of the Enabling Mothers to Prevent Pediatric 672 
Obesity Through Web-Based Education and Reciprocal Determinism (EMPOWER) 673 
Randomized Control Trial. Health Educ Behav 2018;45(2):262-276. 674 
60. Chen J-L, Weiss S, Heyman MB, Cooper B, Lustig RH. The Efficacy of the Web-Based 675 
Childhood Obesity Prevention Program in Chinese American Adolescents (Web ABC study). J 676 
Adolesc Health 2011;49(2):148-154. 677 
61. Appleton KM, Hemingway A, Saulais L, Dinnella C, Monteleone E, Depezay L et al. Increasing 678 
vegetable intakes: rationale and systematic review of published interventions. Eur J Nutr 679 
2016;55(3):869. 680 
62. Glasson C, Chapman K, James E. Fruit and vegetables should be targeted separately in health 681 
promotion programmes: differences in consumption levels, barriers, knowledge and stages 682 




63. Appleton KM, Hemingway A, Rajska J, Hartwell H. Repeated exposure and conditioning 684 
strategies for increasing vegetable liking and intake: systematic review and meta-analyses of 685 
the published literature. Am J Clin Nutr 2018;108(4):842-856. 686 
64. Beauchamp GK, Mennella JA. Early Flavor Learning and Its Impact on Later Feeding Behavior. 687 
J Pediatr Gastroenterol Nutr 2009;48:S25-S30. 688 
65. Hammersley ML, Okely AD, Batterham MJ, Jones RA. An Internet-Based Childhood Obesity 689 
Prevention Program (Time2bHealthy) for Parents of Preschool-Aged Children: Randomized 690 
Controlled Trial. J Med Internet Res 2019;21(2):e11964. 691 
66. Nyström CD, Sandin S, Henriksson P, Henriksson H, Trolle-Lagerros Y, Larsson C et al. Mobile-692 
based intervention intended to stop obesity in preschool-aged children: the MINISTOP 693 
randomized controlled trial. Am J Clin Nutr 2017;105(6):1327-1335. 694 
67. Vercammen K, Frelier J, Lowery C, McGlone M, Ebbeling C, Bleich SN. A systematic review of 695 
strategies to reduce sugar‐sweetened beverage consumption among 0‐year to 5‐year olds. 696 
Obesity reviews 2018;19(11):1504-1524. 697 
68. Van Grieken A, Vlasblom E, Wang L, Beltman M, Boere-Boonekamp MM, L'Hoir MP et al. 698 
Personalized Web-Based Advice in Combination With Well-Child Visits to Prevent Overweight 699 
in Young Children: Cluster Randomized Controlled Trial. J Med Internet Res 2017;19(7):e268. 700 
69. Webb KL, Lahti-Koski M, Rutishauser I, Hector DJ, Knezevic N, Gill T et al. Consumption of 701 
‘extra’foods (energy-dense, nutrient-poor) among children aged 16–24 months from western 702 
Sydney, Australia. Public Health Nutr 2006;9(8):1035-1044. 703 
70. Kohl LF, Crutzen R, de Vries NK. Online Prevention Aimed at Lifestyle Behaviors: A Systematic 704 
Review of Reviews. J Med Internet Res 2013;15(7):e146. 705 
71. Yavuz HM, van Ijzendoorn MH, Mesman J, van der Veek S. Interventions aimed at reducing 706 
obesity in early childhood: a meta‐analysis of programs that involve parents. J Child Psychol 707 
Psychiatry 2015;56(6):677-692. 708 
72. Helle C, Hillesund ER, Omholt ML, Øverby NC. Early food for future health: a randomized 709 
controlled trial evaluating the effect of an eHealth intervention aiming to promote healthy 710 
food habits from early childhood. BMC Public Health 2017;17(1):729. 711 
73. Verjans-Janssen SR, van de Kolk I, Van Kann DH, Kremers SP, Gerards SM. Effectiveness of 712 
school-based physical activity and nutrition interventions with direct parental involvement 713 
on children’s BMI and energy balance-related behaviors–A systematic review. PLoS One 714 
2018;13(9):e0204560. 715 
74. Røed M, Vik FN, Hillesund ER, Van Lippevelde W, Medin AC, Øverby NC. Process Evaluation of 716 
an eHealth Intervention (Food4toddlers) to Improve Toddlers' Diet: Randomized Controlled 717 
Trial. JMIR human factors 2020;7(3):e18171. 718 
75. Delisle C, Sandin S, Forsum E, Henriksson H, Trolle-Lagerros Y, Larsson C et al. A web-and 719 
mobile phone-based intervention to prevent obesity in 4-year-olds (MINISTOP): a 720 
population-based randomized controlled trial. BMC public health 2015;15(1):95. 721 
76. Krølner R, Rasmussen M, Brug J, Klepp K-I, Wind M, Due P. Determinants of fruit and 722 
vegetable consumption among children and adolescents: a review of the literature. Part II: 723 
qualitative studies. Int J Behav Nutr Phys Act 2011;8(1):1-38. 724 
77. Ramsay SA, Eskelsen AK, Branen LJ, Armstrong Shultz J, Plumb J. Nutrient intake and 725 
consumption of fruit and vegetables in young children. ICAN: Infant, Child, & Adolescent 726 
Nutrition 2014;6(6):332-344. 727 
78. Statistics Norway: Educational attainment of the population. In., vol. 2018 Oslo: Statistics 728 
Norway 2019. 729 
79. Pinket A-S, De Craemer M, Huybrechts I, De Bourdeaudhuij I, Deforche B, Cardon G et al. Diet 730 
quality in European pre-schoolers: evaluation based on diet quality indices and association 731 





80. Spence AC, Campbell KJ, Lioret S, McNaughton SA. Early Childhood Vegetable, Fruit, and 734 
Discretionary Food Intakes Do Not Meet Dietary Guidelines, but Do Show Socioeconomic 735 
Differences and Tracking over Time. J Acad Nutr Diet 2018;118:1634-1643. 736 
81. Lovell A, Bulloch R, Wall CR, Grant CC. Quality of food-frequency questionnaire validation 737 
studies in the dietary assessment of children aged 12 to 36 months: a systematic literature 738 
review. Journal of nutritional science 2017;6. 739 
82. Delgado-Rodriguez M, Llorca J. Bias. J Epidemiol Community Health 2004;58(8):635-641. 740 
83. Schoeller DA. Limitations in the assessment of dietary energy intake by self-report. 741 






Paper 4  
Røed M, Vik FN, Hillesund ER, Van Lippevelde W, Medin AC, Øverby NC. 
Process Evaluation of an eHealth Intervention (Food4toddlers) to 
Improve Toddler’s Diet: Randomized Controlled Trial. 
JMIR Human Factors 2020;7(2):e18171 doi: 10.2196/18171 
 
 
© 2020 The Author(s). This article is distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons license, and indicate 
if changes were made. The Creative Commons Public Domain Dedication waiver 
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this 
article, unless otherwise stated. 
 
Original Paper
Process Evaluation of an eHealth Intervention (Food4toddlers) to
Improve Toddlers' Diet: Randomized Controlled Trial
Margrethe Røed1, MA; Frøydis Nordgård Vik1, PhD; Elisabet Rudjord Hillesund1, PhD; Wendy Van Lippevelde1,2,
PhD; Anine Christine Medin1, PhD; Nina Cecilie Øverby1, PhD
1Department of Nutrition and Public Health, Faculty of Health and Sports Sciences, University of Agder, Kristiansand, Norway
2Department of Marketing, Innovation and Organisation, Ghent University, Ghent, Belgium
Corresponding Author:
Nina Cecilie Øverby, PhD
Department of Nutrition and Public Health








Background: Parents seek trustworthy information online to promote healthy eating for their toddlers. Such information must
be perceived as relevant and easy to implement and use.
Objective: The objectives of this study were to conduct a process evaluation of the electronic health (eHealth) intervention
(Food4toddlers) targeting food environment, parental feeding practices, and toddlers’ diet and to examine possible differences
in these areas according to education and family composition.
Methods: A 2-armed randomized controlled trial, including 298 parent–toddler dyads from Norway, was conducted in 2017.
In total, 148 parents in the intervention group received access to an intervention website for 6 months. Data on website usage
were retrieved from the learning management platform used (NEO). Participants’ satisfaction with the intervention was asked
for in a postintervention questionnaire. Chi-square and t tests were used to examine differences in usage and satisfaction between
education and family composition groups.
Results: Most participants were mothers (144/148, 97.2%), lived in two-adult households (148/148, 100%), and were born in
Norway (132/148, 89.1%). Mean parental age was 31.5 years (SD 4.2). More than 87.8% (129/147) had a university education
degree and 56.5% (83/147) had over 4 years of university education. Most (128/148, 86.5%) intervention participants entered
the website at least once (mean days of access 7.4 [SD 7.1]). Most parents reported the website as appropriate to the child’s age
(71/83, 86%) and self-explanatory (79/83, 95%) and appreciated the interface (52/83, 63%) and layout (46/83, 55%). In total,
61% (51/83) stated that they learned something new from the intervention. Parents with over 4 years of university education and
in 1-child households used the intervention website more than those with 4 years or less of university education (8.4 vs 5.9 days
in total, P=.04) and households with more than 1 child (8.3 vs 5.8 days in total, P=.04), respectively.
Conclusions: The Food4toddlers intervention website was found to be relevant by most participants in the intervention group,
although usage of the website differed according to educational level and family composition. For eHealth interventions to be
effective, intervention materials such as websites must be used by the target group. Our results highlight the need to include users
from different groups when developing interventions.
Trial Registration: ISRCTN Registry ISRCTN92980420; http://www.isrctn.com/ISRCTN92980420
(JMIR Hum Factors 2020;7(3):e18171) doi: 10.2196/18171
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A healthy diet is fundamental to preschoolers’ health and
development, for which parents are responsible. A high
proportion of parents feel insecure and seek advice regarding
food parenting practices via different sources [1]. Internet is a
powerful and popular source for health information among
parents [2-4]. Still, very few theory- and evidence-based
websites or digital apps with trustworthy information exist for
this group. Among the few electronic health (eHealth)
interventions addressing food parenting practices and child diet
that have been developed [5-7], most have been conducted in
children older than 1 year of age [5]. Furthermore, interventions
targeting parents of preschoolers have shown divergent
effectiveness [8].
Mobile health (mHealth) and eHealth interventions are gaining
popularity, as such interventions have the potential to reach a
large target group, can easily be adapted to new groups, are
available 24/7, and can be cost-effective [8-10]. However, for
eHealth interventions targeting parents of preschoolers to be
effective, one needs to take the interplay between parents’needs
and the eHealth intervention’s content into account. This means
that the information provided has to fit with the child’s age, be
relevant, be easily accessible by the parents, and be perceived
as engaging and meaningful [9]. Although the usage and parental
satisfaction of eHealth interventions are crucial, little attention
has been given to process evaluation of eHealth interventions
targeting parents of young children, addressing intervention use
and parental intervention satisfaction.
A few other studies have reported on parental use and
satisfaction of eHealth interventions targeting young children.
One is the Early Food for Future health study, in which Helle
et al [11] found that a high proportion of parents used the
intervention website and were well satisfied. A recent paper
from the Growing Healthy Program in Australia reported both
quantitative and interview data on how parents used and whether
they were satisfied with an infant health app, concerning mode
of delivery and how the quality of the app was perceived [12].
They found that factors such as previous knowledge and parity
affected how the participants appreciated the app. This highlights
the need for identifying whether there are differences in the use
and satisfaction with the app according to group characteristics.
Within public health, there is a focus on socioeconomic
differences in health and how to reduce this gap [13]. eHealth
interventions aim to improve health and should, ideally, work
equally well in different socioeconomic groups, meaning that
use and perceived satisfaction should be similar in different
socioeconomic groups, including in groups with different
educational levels.
We have previously developed and evaluated the effect of a
dietary eHealth intervention called Food4toddlers in a
randomized controlled trial, targeting parents of
12-18-month-old children [14]. The objectives of this study
were to conduct a process evaluation of this eHealth intervention
by examining the usage and perceived satisfaction of the
intervention website among parents of toddlers and to explore
whether this differed according to educational level and number
of children in the household.
Methods
Study Design
Food4toddlers is a randomized controlled trial, aiming to
promote healthy dietary habits among toddlers [14]. A total of
404 parents of 12-month-old children were recruited through a
Facebook advertisement, who then responded to a baseline
questionnaire and were randomized into an intervention group
and a control group. Participants in the intervention group were
given access to the Food4toddlers website for 6 months. Further,
they responded to questionnaires immediately after the end of
the intervention (follow-up 1) that included process evaluation
measurements, and again 6 months postintervention (follow-up
2).
Eligible individuals were parents of children born between June
2016 and May 2017. The parents had to be literate in Norwegian.
Of the 404 recruited parents, 298 (73.8%) filled in more than
half of the baseline questionnaire which was the minimum
requirement to be randomized into either the control or
intervention group (n=148). Postintervention, at child age 18
months (follow-up 1), 220 participants completed all or parts
of the questionnaire, with 99 of these from the intervention
group. Details of the recruitment strategy, the development of
the intervention, and the randomized trial are described in the
study protocol [14]. The study was approved by the Norwegian
Centre for Research Data on June 08, 2016 (reference number
48643). Informed consent from parents was obtained when they
signed in online for participation. Data from the intervention
group at baseline and follow-up 1 are reported in this study.
The Food4toddlers eHealth Intervention
The intervention group had 6 months of access to the
Food4toddlers website which comprised 4 main elements: (1)
lessons (n=22) on how to provide healthy food and create a
healthy eating environment for the toddler, (2) recipes, (3) a
discussion forum, and (4) basic information about food and
beverages (called Good to know). Initially, the web page was
limited to information relevant for the child’s age at baseline
and gradually expanded in 20 steps as the child got older. The
participants received a weekly email with a link to the newly
available information. Each module had elements of activities,
such as quizzes, videos to watch, facts, and myth busting [14].
Data and Measurements
In this paper, we present the following elements from the process
evaluation: (1) the exposure or usage of the intervention, (2)
parental satisfaction with the intervention, and (3) parental
perception of learning something new from the intervention.
To assess the exposure or usage of the website we used data
automatically registered by the Learning Management System
NEO. NEO is a platform for managing digital classroom
activities and tracking student achievement. It has an intuitive
design, making it easy to obtain access to information. The user
data were manually retrieved from NEO. The data accessible
were (1) number of days the participants accessed the website,
(2) the use of the 22 Food4toddlers lessons, and (3) activity on
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a discussion forum. No data on the use of the recipes and the
Good to know section were available. Some participants visited
the website but had no reports on the use of any lessons. They
were coded as 1-day users because they theoretically could have
used the rest of the website except the lessons (eg, recipes).
In addition to the automatically registered information on
participant’s use of the website, we used data from the
postintervention questionnaires. The intervention group
responded to questions about the use and satisfaction of the
intervention’s website at follow-up 1 (end of intervention).
Parents were asked how many of the recipes they had tried, with
response alternatives none; none, but was inspired; 1-5; 6-10;
and 11 or more. We further asked them which part of the
intervention they found most useful (lessons, recipes, Good to
know site, or whether they did not know what they preferred).
Further, the parents graded statements about their satisfaction
(1-7) with the intervention and perception of learning something
new (8): Do you agree or disagree with these statements: (1)
The content was well adapted to my child's age, (2) The text
was understandable, (3) The website was user-friendly, (4)The
website had an appealing layout, (5) The recipes were easy to
follow, (6) The recipes were easily adapted for the whole family,
(7) The films for the recipes were useful, and (8) I learned
something new. The response alternatives were given by a
5-point scale from 1=strongly disagree to 5=strongly agree with
an additional I don’t know response alternative. The answers
were recoded into 3 groups for the analyses in this paper (agree,
indifferent, or disagree).
Other Measures
Parents’ height and weight were self-reported. For their child,
measures recorded at the health care centers were reported if
available. The participants reported their age and their child’s
age at baseline. Further, they reported the number of persons
in the household in 2 different questions: (1) number of adults
and (2) number of children. They also reported county of
residence and marital status (married, partnered, single,
divorced/separated, widow/er, or other). The number of children
in the household was dichotomized into those with 1-child
households and those with more than 1 child in the household.
Participants also reported on their level of education (primary
school or less, primary schools plus 1 year of further education,
high school, vocational school, upper secondary school or less,
college/university [≤4 years], college/university [>4 years],
other, and do not know). Only 18 persons were categorized with
no higher education, which is a low number when doing
subanalyses; therefore, we dichotomized the education variable
as presented above. Consequently, the comparisons in this study
were between parents with more than 4 years and those with 4
years or less of education, and between parents with 1-child
households and those with more children in the household.
Statistical Analysis
Means with standard deviations for continuous variables and
frequencies and percentages for categorical variables were
reported. The chi-square tests were used to test potential
differences in the perceived value of the intervention between
the 2 education groups and according to the number of children
in the household. Independent sample t tests were used to test
potential group differences for continuous variables. All analyses
were conducted in SPSS version 25 (IBM). Statistical
significance was set to the P≤.05 level.
Availability of Data and Materials
The data set supporting the conclusions of this article will be
available in the UiA Open Research repository.
Results
Participant Characteristics
The characteristics of the participants included in the
intervention are summarized in Table 1. Mean parental age was
31.5 years (SD 4.2; Table 1). Most participants were mothers
(144/148, 97.2%), lived in 2-adult households (148/148, 100%),
and were born in Norway (132/148, 89.1%). There were
participants from all over Norway, originally reported by county
of residence, with representation from all 19 Norwegian
counties; however, these data are presented in Table 1 as
numbers from each of the main parts of Norway. Of the
participants in the intervention group, 56.4% (83/147) had more
than 4 years of university education.
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31.5 (4.4)aAge (year), mean (SD)
169 (6.0)Height (cm), mean (SD)
70.8 (14.3)Weight (kg), mean (SD)
24.9 (4.6)BMI (kg/m2), mean (SD)
148 (100)Two-adult householdb, n (%)
3.6 (1.0)Total number of household members, mean (SD)
132 (89.1)Born in Norway, n (%)
Educational levela
64 (43.5)Less than college/university (≤4 years), n (%)
83 (56.4)College/university (>4 years), n (%)
Geographic residence
8 (5.4)Northern Norway, n (%)
16 (10.8)Central Norway, n (%)
34 (22.9)Western Norway, n (%)
24 (16.2)Southern Norway, n (%)
66 (44.5)Eastern Norway (including Oslo), n (%)
Toddlers
10.9 (1.3)Age (months), mean (SD)
69 (46.6)Child’s sex: Female, n (%)
aOne missing case in this variable.
bLive together with the other parent.
Participants’ Use of the Intervention (Usage)
All 148 persons in the intervention group were included in the
analyses based on data retrieved from NEO, including 1 person
that first got access to the intervention and then decided to quit
and 2 participants that did not get access mistakenly (all 3 with
no access data). From the NEO data we found that 13.5%
(20/148) of parents in the intervention group did not enter the
website at any point (Table 2). The mean number of days of
access was 7.4 (SD 7.1). Each of the 22 lessons comprised more
than 1 webpage and we registered whether the participants had
completed the entire lesson or not. On average, the participants
completed 8 of 22 lessons (range 0-22; Table 2).
In the intervention group, 99/148 (66.9%) participants answered
at least parts of the questionnaire at follow-up 1. However, only
83/148 (56.1%) participants answered the last questions in the
questionnaire that concerned the website use. When evaluating
the use of the individual components on the website, most
participants in the intervention group reported having used 1-5
recipes (38/83, 46%) or none but was inspired (27/83, 33%;
Table 2).
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Table 2. Participants’ use of the intervention website and recipes tried.
ValueIntervention usea
Website use (N=148)
20 (13.5)Did not enter, n (%)
7.4 (7.1); 0-32Days of access, mean (SD); min-max
8.0 (7.6); 0-22Finalized lessons, mean (SD); min-max
Recipes (number) tried (N=83)b
8 (10)None, n (%)
27 (33)None, but was inspired, n (%)
38 (46)1-5, n (%)
9 (11)6-10, n (%)
1 (1)11 or more, n (%)
aData were retrieved from the Food4toddlers website. One participant got access to the intervention but decided to quit. Two did not get access to the
intervention mistakenly. These 3 are included in the reported numbers.
bQuestions answered at follow-up 1 (postintervention at child age 18 months).
Use of the Intervention Website According to Parental
Education and Number of Children in the Household
Participants with more than 4 years of university education
accessed the website for significantly more days than those with
a lower educational level (P=.04). In addition, those with more
than 4 years of university education completed more lessons
than those with fewer years of education (P<.05). There was
also a difference in use between parents living in 1-child
households and those living in a household with more than 1
child. Parents in 1-child households accessed the website for
significantly more days compared to those with more children
(P=.04; Table 3).
Table 3. Comparison of website use between education groups (N=147) and between 1-child and >1 child households (N=148).




P valueb>4 years of university
educationa (N=83)
≤4 years of university
educationa (N=64)
Analyzed component
.045.8 (5.7)8.3 (7.8).048.4 (7.2)5.9 (6.8)Days of access in total,
mean (SD)
.096.7 (7.2)8.9 (7.8)<.059.1 (7.7)6.6 (7.3)Number of lessons finished,
mean (SD)
aParents were divided based on educational level into those with 4 years or less of university education and those with more than 4 years of university
education.
bIndependent sample t test.
cAsked about how many children were included in the household, divided into 1 child versus more children.
Satisfaction of the Intervention Website’s Modules and
Topics
When asked about what part of the intervention website the
participants found to be most useful, 43% (36/83) were most
satisfied with the recipes, whereas 31% (26/83) valued the
modules as the most useful part of the intervention. Participants
also reported to which degree they agreed with different
statements regarding how they found the intervention website.
The majority of the participants agreed that the website content
applied to their child’s age (71/83, 86%) and that the texts were
easy to understand (79/83, 95%). Most parents in the
intervention group reported that they appreciated the interface
(52/83, 63%) and layout (46/83, 55%). We also asked to which
degree the participants valued the recipes and films. In total,
83% (62/75) found the recipes easy to follow, and 80% (60/75)
found them easy to adjust to the whole family. Only 32% (24/75)
found the films posted on the intervention website useful. There
were no significant differences in how the intervention website
and the recipes were valued between those with more than 4
years of university education and those with a lower educational
level (data not shown).
There was low activity in the discussion forum including in the
learning platform. The most active participant posed questions
and responded 5 times, whereas 7 other participants posed a
single question during the period when they had access to the
forum. The first author (MR) of this paper responded to all
questions.
Perceived Acquisition of New Knowledge From the
Intervention Website According to Educational Level
and Number of Children in the Household
In total, 61% (51/83) reported that they learned something new
from the intervention website (Table 4). There was a borderline
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significant difference between educational groups when asked
whether the participants had learned something new (P=.052).
More of the highly educated participants agreed that they had
learned something new, whereas more participants with
moderate education were indifferent to this statement (Table
4).
Table 4. Perceived acquisition of new knowledge among parents in the intervention group according to educational level and number of children in
the household, through response to the prompt "Think of the Food4toddlers website in total, and indicate how strongly do you agree/disagree with the
statement I learned something new?"




P value>4 years of university
educationa (N=50)





—c16 (52)35 (67)—c34 (68)17 (52)51 (61)Agree, n (%)
—c9 (29)12 (23)—c8 (16)13 (39)21 (25)Indifferent, n (%)
.306 (19)5 (10).058 (16)3 (9)11 (13)Disagree, n (%)
aParents were divided based on educational level into those with 4 years or less of higher-level education and those with more than 4 years of higher-level
education.




Most parents today use the internet to obtain information
relevant to their child’s health [15]; however, they report that
they need more training to distinguish between trustworthy and
not trustworthy sources [16]. In the Food4toddlers study, we
developed a website with evidence-based information relevant
to toddlers’ diet, food environment, and parenting practices.
More than 86.5% (128/148) of parents in the intervention group
visited the website and most of them found the website useful,
especially the modules and the recipes. The website content,
texts, and interface were highly valued by most parents, which
may have influenced parental engagement on the website.
Besides, most parents in the intervention group found the content
applicable to their child’s age. This is an important result, as it
is established that finding the information presented appropriate
and given at the right time are essential to change behavior [9].
Although the participants rated the recipes as the most important
part of the intervention, they did not find the films made for the
recipes as useful as the other components. This may indicate
that written recipes might be sufficient for use, or that our
produced films did not quite suit the target group. Few
participants used the discussion forum which was a part of the
website. It might be that parents discuss in other online forums
and that our forum seemed new and different, or of no need.
Using a closed Facebook group, which is a common discussion
forum type, might have increased the activity in the discussions.
This is supported by a study by Boswell and collaborators [17]
in which parents reported Facebook as the preferred digital
platform for participating in an intervention. However, in the
parent-focused Time2bHealthy study closed Facebook groups
were made available, but less than 40% agreed or strongly
agreed that the Facebook component was useful [18]. Our goal
with including such a discussion forum was that participants
could motivate each other and share experiences; however, as
also others have found [18], the inclusion of such a forum might
not be worth the effort of setting up.
A total of 13.5% (20/148) of parents who had access to the
intervention website did not enter it at any point, which is higher
than what is observed in other studies. The Swedish MINISTOP
study had a very high website visitor rate [19], possibly because
the investigators met the participants in person and called them
on the phone 2 days after log-in instructions were delivered.
Although we sent email reminders to the participants who did
not log in, the adherence might have been higher by adding, for
example, a phone call as in the MINISTOP study. Other studies
have also emphasized personal contact (eg, the Australian
Time2bHealthy study) [18]. However, the costs rise with more
intensive follow-up of participants and will limit distribution
to a large population. In addition, the website visitor rate in our
study is probably more in line with what can be expected when
offering access to a web-based learning tool outside a test
situation. Boswell and collaborators [17] interviewed parents
about their preferred mode of intervention participation and
found that they preferred a combination of online sources
(websites, email, or Facebook). Parents with lower education
levels also preferred this combination; however, in this group,
more parents wanted to combine the online scores with
face-to-face components [17]. It is worth noting that the use of
more advanced push notifications is increasingly being used in
digital health interventions [20,21], and could have boosted
both the participation and the parental engagement on the
website.
There were differences in website use between education groups
and between those with 1 or more children in the household. It
is somewhat surprising that those with the highest education
spent more time using the website, and also that there is a
borderline difference in whether they found that they had learned
something new from the website, with results in favor of the
more educated parents. Taki and collaborators [12] reported
that parents defined as knowledgeable in parenting skills found
eHealth interventions less useful because they did not learn
anything new from it. Having a higher education does not
translate directly into parenting skills, and one could speculate
that higher education creates a higher drive to learn more.
However, in the light of public health efforts to reduce social
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differences in health, this finding is not a positive one, as it
indicates that interventions of this kind might increase the
socioeconomic divide. It is worth noting that the cutoff between
education groups in this study was set high, due to the
educational characteristics of the sample. The findings of this
study may, therefore, indicate that there are differences in the
gain of health-related information as well between parents with
higher education. Although we included a diversity of user
groups in the development phase of the intervention, including
mothers of lower socioeconomic group, we could have put even
more emphasis to tailor the content and interface to different
groups. A pilot study including parents with different
socioeconomic groups or parents with different educational
levels would probably have given valuable input, especially
followed by interviews targeting both high and low adherent
participants.
It was not surprising that those with more children in the
household, and thereby more experience in feeding toddlers and
potentially less time available, spent less time on the intervention
than those in 1-child households. This is in line with what Taki
et al [12] describe, that is, previously acquired knowledge about
infant feeding yields lower engagement in eHealth intervention
of that topic.
Strengths and Limitations
We obtained objective information about parental access to the
intervention from the learning management system (NEO). This
means we did not need to solely rely on participants’
self-reported responses to the postintervention questions, which
is a clear strength of this study. When interpreting the effect
results of this intervention, it is a clear strength that a detailed
process evaluation has been conducted.
The participants in our study had a substantially higher
educational level compared with national figures [22]. This may
compromise the generalizability of our findings. A different
spread in educational level would probably have yielded
different results, as indicated in other studies [23,24]. Our results
highlight the importance of working hard to include not just
highly educated groups in studies, as is the case with this study.
The overall high educational level in this study influenced our
educational level cutoff. Further, although participants were
from all Norwegian counties, proportionally more participants
were from the southern parts compared with national figures
[25], which may hamper generalizability.
Conclusion
Few previous eHealth interventions focusing on diet have
reported data from process evaluations, including parental usage
and satisfaction with the intervention, as is the case with this
study. We found that most participants used the intervention
website during the intervention period, and that they found it
relevant and useful. Parents with more than 4 years of university
education used and learned more from this intervention than
those with a lower educational level. Our findings highlight the
utmost importance of including users from different groups
when developing eHealth interventions and may inform future
interventions to take particular care in matching intervention
content to different educational and socioeconomic groups’
needs.
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